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Now, for the first time, automatic analysis of radioactive 





samples with counting rates as low as 2-3 cpm 


Low level C-14, P-32, and Sr-90 samples, pre- 
viously unmeasurable with automatic equip- 
ment, can be counted with high precision in 
Nuclear-Chicago’s new Low Background Auto- 
matic Sample Changer. Unwanted interfering 
background has been reduced to only 2 counts 
per minute by extensive shielding and a unique 
“‘guard’’ which eliminates cosmic ray counts. 
High sensitivity is achieved by use of a new 
“‘Micromil’’® window gas flow detector. 


The low background permits a substantial cutin 
the amount of labelled reagent required in tracer 
work and greatly reduces measurement time. 
The entire system can be left unattended and 
printed data collected when convenient. And— 
if you already have a Nuclear-Chicago Automat- 
ic Sampler Changer, you can convert it at mod- 
est cost into the new Low Background Changer. 
For full information, please ask us to send our 
Bulletin C-115. 
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New principle: antihypertensive action at 
nerve-arterole junction 


~ « ISMELIN 


New achievement: reduces high blood pressure to 
near-normal levels in 80 to 90 per cent of cases* 


*In 80 to 90 per cent of patients with moderate to severe (including malignant) hypertension, Ismelin 
—alone or combined with other antihypertensives—reduced systolic and diastolic blood pressures 
to normal or near-normal levels in the standing position.’* The illustration above —a medical 
artist’s concept of the arteriole —shows the Ismelin site of action: the nerve-arteriole junction. 


Ismelin is a potent new antihypertensive agent developed by c1Ba research for 
moderate to severe hypertension. Ismelin represents a new principle in anti- 
hypertensive therapy: It acts at the nerve-arteriole junction where it opposes 
the release and/or distribution of the pressor substance, norepinephrine. 
This action differs markedly from that of previously available antihyper- 
tensive agents; rauwolfia compounds, for instance, inhibit norepinephrine 
through the central nervous system, while ganglionic blockers interrupt 
transmission of pressor impulses at the level of sympathetic ganglia. 
Because it acts at the site of arteriolar blood pressure regulation—with no 
demonstrable evidence of central or parasympathetic effect—Ismelin pro- 
duces a clear-cut antihypertensive response in a high percentage of cases. 





Advantages 
ISMELIN 


offers your 
hypertenswe 
patrent 


Almost all forms of moderate 
to severe hypertension can be 
managed with Ismelin, alone 
or in combination with other 
antihypertensive agents. 


Ismelin brings blood pres- 
sure down in many persons 
refractory to other antihyper- 
tensive agents. 

Ismelin lowers blood pres- 
sure in many patients who can- 
not be treated effectively with 
other potent agents because 
they cannot, or will not, toler- 
ate the side effects. 

Ismelin controls many cases 
of renal hypertension, often 
when other agents fail. 


Patients need take Ismelin 
only once a day. 

Most patients have been 
treated with Ismelin for pro- 
longed periods without devel- 
oping tolerance to it (although 
instances of tolerance have 
been reported). 

Smooth absorption of 
Ismelin results in predictable 
blood pressure responses. 


ISMELIN: 
for a wide 
range 0 
hypertensive 
patients 


Ismelin is useful in patients 
with moderate to severe hyper- 
tension — particularly: 

= In place of other antihyper- 
tensive drugs when patients 
are refractory and blood pres- 
sure levels remain persistently 
high. 

a» In combination with other 
antihypertensive drugs when 
these fail to bring blood pres- 
sure down to desired levels, or 
to normotensive ranges. 

ws As a replacement for other 
potent agents (including gan- 
glionic blockers) when side 
effects prevent effective treat- 
ment. 





Complete information about 
Ismelin—including clinical re- 
ports, dosage, precautions and 
side effects—will be sent to you 
in the mail and via your CIBA 
representative. You can also 
obtain complete information 
by writing: 
Medical Service Division, 


C3 oe 


Summit, New Jersey 


ISMELIN 





Supplied: Tablets, 10 mg. (yellow, scored) 


and 25 mg. (white, scored). 
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Sanborn Model 769 
Viso-Scope — for 
monitor use with 
existing Sanborn 
Recording Systems 


G EVENTS AT ONCE... ON A 17 INCH SCREEN 


A 


Polaroid filter is used to minimize interference from 


| mae vertically mounted 17” screen provides ample 
space for up to 8 clear, long-persistance traces to be 
shown simultaneously on the Sanborn Model 769 
Viso-Scope. Individual plug-in gating amplifiers in 
the 769 perform the function of an electronic switch 
one amplifier for each signal to be shown on the 
*scope — the signals being derived by direct con- 
nection of the 769 to existing Sanborn Recording Sys- 
tems such as Model 60 Twin-Viso, Models 64, 77M, 
150M and 350M Poly-Visos, and 550M Poly-Beam. 
Automatic or manual trace sweep speeds of 2, 4 and 
8 seconds (5, 2.5, and 1.25 inches /sec) are provided 
and an additional manual sweep speed of 25 seconds 
is included for use when slowly changing waveforms 
such as dye dilution curves are studied. 
Controls permit sensitivity ranges from 5” /volt 
to 4%" per volt, positioning of each signal at any level 
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on the screen, and vector loop presentation. 


room lighting, and provision is made for tilting the 
*scope unit forward (up to 20 degrees) for optimum 
viewing ease. Front and rear input connections are 
available. With suitable cabling, several 769 units 
can be connected together for master slave operation. 

The Model 769 Viso-Scope 
starting in September 


scheduled for delivery 
is the first of a group of 
Sanborn “760” Monitor Units (including low voltage 
preamplifiers) soon to be made available for use in 
Hospital Operating Rooms, Recovery Rooms and 
Intensive Care Units, and by Catheterization Units 
and Teaching Groups. 

For complete details, contact your nearest Sanborn 
Branch Office or Service Agency, or write the Inquiry 
Director at the Main Office in Waltham. 
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IT HAPPENED THIS MONTH... 


a glance at yesterday in relation to today 


IN AUGUST—(1881)—at the fourth annual meeting of the American Society 
of Microscopists, Dr. Jacob Redding of Falmouth, Indiana takes issue with the 
belief that muscular contraction is due to changes in non-living formed material 
and is not dependent upon bioplasm. He cites considerable histological evidence 
to show that “every muscular contraction is directly dependent on active and 
forcible changes taking place in confined bioplasm.” ! 

Today we know that the energy required for muscular contraction is obtained 
through generation of ATP in muscle “bioplasm.” It is not necessary to expend 
much effort to obtain high quality ATP. Schwarz BioResearch supplies this and 
related compounds, both unlabelled and labelled in various positions with C'* 
or P®*, Simply consult our catalog for the compound you need. 


IN AUGUST—(1912) —there is reported an improve nethod for the determin- 
ation of tyrosine in protein. Folin and Denis” show that the gravimetric separa- 
tion of tyrosine from protein hydrolysis products is not quantitative. They have 
developed a procedure which involves a 12-hour digestion in acid followed by 
development of a blue color with a phosphotungstic-phosphomolybdic reagent. 
Results are consistently higher than those obtained with the gravimetric methods 
used in the past. 


Modifications of this colorimetric method are still widely used in research, 
clinical and industrial control laboratories. If you are analyzing for tyrosine or 
other amino acids, Schwarz can provide you with convenient, reliable primary 
standards. The Schwarz Kit of 18 optically standardized natural amino acids is 
suitable for the most precise research or industrial purposes. Add it to your 
stock of basic biochemicals. 


IN AUGUST—(1943) —the Archives of Biochemistry carries a paper by Lauffer 
and Stanley describing the effects of urea upon tobacco mosaic virus. Neutral 
6M urea solutions disintegrate high molecular weight virus nucleoprotein par- 
ticles into much smaller fragments. Phosphorus analyses indicate that nucleic 
acid is split away from protein. Much of the virus infectivity is lost. The con- 
siderable reduction in the specific infectivity of residual high molecular weight 
nucleoprotein indicates that inactivation may take place before the molecule is 
extensively disintegrated.* 


Vucleic acid chemistry continues to play a prominent role in modern virus 
research, Schwarz BioResearch has long been a leading supplier of all types of 
nucleic acid compounds to virologists — purines, pyrimidines, nucleosides, 
nucleotides, and nucleic acids, plain and radiolabelled. Write for our latest 
catalog and price list. 


1. Redding, J.: Muscular contractility. Proc. Am. Soc. Microscopists, (August) 1881, p. 17. 2. Folin, O., and Denis, 
W.: Tyrosine in proteins as determined by a new colorimetric method, J. Biol. Chem. 12:245 (Aug.) 1912. 
3. Lauffer, M. A., and Stanley, W. M.: The denaturation of tobacco mosaic virus by urea. I. Biochemical aspects. 
Arch. Biochem. 2:413 (Aug.) 1943. 
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to delineate 


NOW OVER 18,000 


CHEMICALS 


-Hydroxyquinoline Rhodanate 


biologic channet{s Spica Glucuronide 
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MANY TYPES OF LABELED BIC‘SHEMICALS AVAILABLE FROM 
SCHWARZ. If you are mapping metabolic pathways, investi- 
gating enzyme mechanisms, or exploring many other areas 
of biology and biochemistry, SCHWARZ isotopically-labeled 
biochemicals are useful markers. We have attached C's, 
H®, P°?, and S°° to a long list of purine and pyrimidine 
compounds, sugars and sugar phosphates, amino acids, 
metabolic cofactors and other compounds of biologic 
importance. Many radiochemicals are supplied exclusively 
by SCHWARZ. 

Also available is a wide range of N'*-labeled compounds. 
Through an arrangement with the Yeda company at the 
Weizmann Institute, a number of 0'® amino acid deriva- 
tives can be prepared on special order. For a complete 
price list, write to Dept.|HG 


S > SCHWARZ BIORESEARCH, INC. 
Mount Vernon, New York 
BIOCHEMICALS + RADIOCHEMICALS +» PHARMACEUTICALS 
for research, for medicine, for industry 


-Hydroxytetrahydroquinoline 
Hydroxytetronic Acid 
Ichtozyme 


Imidazole-4,5-Dicarboxylic Acid 
@ Indane 
@ 1,3-Indanedione 
@ Indican Glucoside 
@ Indigo Trisulfonate 
@ Indole-3-acetaldehyde 
@ Indole-3-acetonitrile 
@ Indole-3-ethylamine Hydrochlo- 
ride 
® Indole-3-pyrnvic Acid 
@ indoie-3-valerianic Acid 
@ p-. ‘ylbutyronitrile 
@ Indoxyi 


Ask for our new 
complete catalogue 
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Back Issues of 


THE JOURNAL OF 
CLINICAL INVESTIGATION 


January, July, (Pt. I), September, 
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January through December, 1956 
July and November, 1959 


75¢ per copy and postage 


For particulars write to 
The Journal of Clinical 
Investigation 
Business Office 
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Beckman expanded scale pH meter 
































increases readability sevenfold 


With the new line operated Beckman Model 76 
Expanded Scale pH Meter, readability to 0.003 
PH is now possible. In addition to the standard 
0 to 14 pH scale, this new Beckman unit incor- 
porates an expanded scale with a 2.0 pH full 
scale range graduated in 0.01 pH units. Thus, 
any two pH units can be chosen from the full 
0 to 14 pH range and read on the expanded 
scale. Likewise any 200 mv span can be selected 
from the 0 to 1400 mv scale with a readability 
of 0.3 mv. Features push-button operation, full 
0 to 100°C temperature compensation, and 
recorder jack. 


Thermomatic Constant Temperature Block and 
micro electrodes are available where tempera- 
ture maintenance and use of small samples are 
vital, as in blood pH. 


No. 65123A—Beckman Model 76 Expanded Scale pH 
Meter with general purpose electrodes nd buffer 
solution $445.00 
No. 65123B—Thermomatic Constant Tempe 
Block $125.00 
No. 65123C—Micro Electrode Assembly $65.00 
.. New line operated Model 72. Beckman 


$175.00 


rature 


For routine use. 
reliability at a moderate price 


Ask your S/P Representative for new pH l/iterature or write... 
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DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta - 
Los Angeles - Miami - 
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Boston - 
Minneapolis - 


Chicago - 


Seneral Export Department 


Columbus « Dallas - 
New York + San Francisco - 
Flushing 58, L.I., N.Y., U.S.A 


Kansas City 
Washington 





Purina Laboratory Chows 


First choice of animal experimenters and breeders in the United 
States and Canada, because of dependability, accurate nutritional 
formulation, ready availability everywhere. 


RABBITS MONKEYS GUINEA PIGS 
Purina Rabbit Chow Purina Monkey Chow Purina Guinea Pig Chow 





MICE 
RATS Purina Mice Breeder Chow 
Purina Laboratory Chow Purina Dog Chow or Purina Laboratory Chow 








Call your local Purina Dealer or write 
H. A. GRAFF, 

Laboratory Animal Specialist, 
Ralston Purina Company, 

St. Louis 2, Missouri. 


DOGS 
Purina Dog Chow 
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Q5(0 COULTER COUNTER. 


installations! 


Non-optic automatic cell 
counting and cell size analyz- 
ing provides unprecedented ac- 
curacy, speed for counting and 
sizing red cells, white cells, 
tissue cultures, bacteria 


The Coulter Counter’s operational 


abilities include: Coulter Electronics (7) 
2525 N. Sheffield, Chicago 14, Illinois 
@ Sample capacity exceeds 60 counts per hour on a production (CD Please send complete details describing the Coulter 
basis. Counter. 
0 Please get in touch with me in reference to a demon- 
e@ Thoroughly field tested in leading institutions for routine stration in my office or laboratory. 
laboratory tests and research. 





Name 


e As little as .02 ml. blood samples for both red and white count. A iicihiaas 
oe Pid 4 : (hospital, school, etc.) 
@ Sensitivity extends to particles smaller than 1 micron. 
Address 
e@ Counts in excess of 6,000 individual cells per second! iy ; ’ 
City ..Zone State Phone. 
e 








Each count equivalent in number of cells counted to average 
of 100 chamber counts . . . reduces sampling error by factor Send in this coupon today! 
of approximately 10. $ 


Unit takes its own precisely metered sample from sample C 0 U LT c q E LEC T R 0 N | C S 


beaker to eliminate counting chamber errors. 





Oscilloscope display provides immediate information on rela- 


tive cell size and relative cell size distribution. 2525 N. Sheffield 


Threshold level control provides means of rapidly obtaining odo Chicago 14, Illincis 
complete cell size distribution data. 


Call Collect: EAstgate 7-8025 


Oscilloscope display provides check of circuit performance . . . 


mechanical design is simple—result: highest reliability! emacceminn 











RARE and FINE ORGANICS 


A few of the thousands of rare stock chemicals 


N-ETHYL MALEIMIDE . . $60.00/100g. 


DIISOPROPYLFLUOROPHOSPHATE .$16.60/g. 
2-FLUOROPYRIDINE 30. 10g. 


FRUCTOSE 1,6-DIPHOSPHATE 
Ca salt .... pebecenccpecascoe GET aEs 


IMIDAZOLE (G Mecnaiias) 99% pure ... 35.00/Kg. 
2-KETOGULONIC ACID ..+» 30,00/100g. 


2-KETOGULONIC ACID MET HYL 
EE baked ecbeeceensssinanereccowssces Ue 25.00/ 100g. 


beta-NAPHTHYL ISOCYANATE ...... 12.50/10g. 
PYOCYANINE (free base) 9.00/ 100mg. 
SODIUM- a -NAP HTHYL ACID 

PHOSPHATE . 70.00/25. 
Write for catalog #3 listing over 12,000 RARE— 


alkaloids hydrocarbons steroids 
amino acids keto acids sugars 
enzymes fatty acids purines 
biochem preps peptides carcinogens 


Write Dept. “C” 


LABORATORIES, INC. 


177-10 93rd AVENUE JAMAICA 33,N Y 


PURINA 
HEALTH AIDS 


KILL FLIES 


LIKE MAGIC! 


with PURINA 
FLY BAIT 


Available in dry, liquid, and sugar- 
base forms, Purina Fly Bait kills 
adult flies quickly and effectively. 
... at your local 


PURINA DEALER’S 
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January, 1957, Part II $1.50 
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June, 1957, Part II $1.50 
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Studies on Influenza in the 1957- 
1958 Pandemic 

January, 1959, Part II $1.50 
History of the A.S.C.I. 

October, 1959, Pt. II $1.50 


Order through the Business Office of 
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COMPLETE VOLUMES 
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BACK ISSUES 
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Vol. 30 (1951) twelve issues and 
one supplement 


Vol. 31 (1952) twelve issues 
Vol. 32 (1953) twelve issues 
Vol. 33 (1954) twelve issues 


Vol. 36 (1957) twelve issues and 
two supplements 


Vol. 37 (1958) twelve issues 
Index, Vols. 1-17, inc. 


Order While Available 











inois 


th 


337 E. Howard Avenue « Des Plaines, fi 


> 
% 
8 
< 
8 
g 
S 
c 


®coRPORATION 





‘ 
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“UROGRAPH can give clinically accurate results in approximately 14 
the usual laboratory time. Additional laboratory savings can also be 
measured in the small amount of laboratory space and required glass- 
ware.” (Appleton, H. D., Mandel, Mary and Sala, A. M. Presented before the Eleventh 
Annual Meet. Am. Assoc. Clin. Chem. Cleveland, Ohio, Aug. 27-28, 1959) 


urea nitrogen chromatography papers 


U roe ra p aa for determining urea nitrogen levels in 


serum or plasma. 


. +s Available in packages of 500 tests at $48.00 
maximum accuracy | minimum work and 100 tests at $18.00. 


GENERAL DIAGNOSTICS owsion WARNER-CHILCOTT . 
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MEASUREMENT OF BLOOD FLOW IN THE COLLATERAL VESSELS OF 


THE PORTAL VEIN; 


PRELIMINARY 


RESULTS OF A NEW 


METHOD 


By tr. 1: 


IBER,* D. N. S. KERR, W. DOLLE ano S. SHERLOCK 


(From the Department of Medicine, Postgraduate Medical School of the University of 
London, England) 


(Submitted for publication September 18, 1959; accepted April 7, 1960) 


The portal vein and its branches may be demon- 
strated by the intrasplenic injection of radiocon- 
trast media. Such identification of collateral ves- 
sels aids understanding of some of the symptoms 
of chronic liver disease (1-4). The size and lo- 
cation of collateral vessels is shown; however, the 


blood flow through them is not measured. Cer- 


tain syndromes, such as the neurological complica- 


tions of chronic liver disease (portal systemic en- 
cephalopathy ), depend more on the total collateral 
blood flow than on the presence of any specific col- 
(32, 
for measuring the portal collateral blood flow and 


lateral vessels This paper reports a method 
its application in 12 patients. 

If an indicator substance is introduced into, and 
is rapidly absorbed from the spleen, part of it 
reaches the general circulation by passing through 
the liver and the remainder by passing through 
The 


amount passing by each of the two routes is di- 


any collateral channels present (Figure 1). 


rectly proportional to its respective blood flow. 
The amount passing through the liver is measured 
from the concentration of the indicator in the he- 
patic venous blood and the blood flow through 
the liver. Some indicator recirculates to the 
portal vein by way of the arteries and is measured 
in the femoral artery. When absorption is com- 
plete the total amount of the indicator absorbed 
may be determined from the product of its con- 
centration and its volume of distribution. 

During the time required to reach equilibrium, 
the difference between the amount of radioactivity 
leaving the splanchnic bed and the amount enter- 
ing should be equal to the effective radioactivity 
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Fic. 1: 
HISA is injected into the spleen and may 


DIAGRAM OF THE EXPERIMENTAL METHOD. 
reach the 
peripheral circulation by passing through the liver or 
through the collateral vessels. HISA passing through 
the liver may be measured by means of a hepatic vein 


catheter. 


injected minus the residual radioactivity in the 
splanchnic plasma. The radioactivity leaving the 
splanchnic bed is that leaving by the hepatic vein 
plus that leaving by the collaterals. 


METHOD 


Assumptions. The major assumptions of the method 
are listed below in the same order in which they appear 
in the method and the evaluation of the data. Continu- 
ous sampling from the hepatic vein must extend through- 
out the period of absorption of indicator from the spleen. 
The indicator must mix completely with the blood in the 
point and with 
The 


sampling from the hepatic vein must be uniform and must 


splenic vein before the first branching 
all blood subsequently entering the splenic vein. 
not alter the blood flow in the hepatic vein. The sulfo- 
(BSP) 
in the hepatic vein. 


bromophthalein technique must measure blood 


flow Recirculated indicator must 
take the same route as injected indicator and this route 
must not vary during the study. The time of circula- 
tion from heart to hepatic vein is the same as circulation 
The splanchnic blood vol 


The 


flow of significant indicator through collateral circulation 


from heart to femoral artery. 
ume may be estimated from values in the literature 
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is slow compared with the flow through the hepatic vein 
rhe total blood flow through the liver must not change 
during the procedure 

A preliminary investigation was carried out to test 
the suitability of human iodinated serum albumin (HISA) 
as an indicator. The HISA was prepared by the tech- 
nique of McFarlane (6) and had an activity of 5 to 25 
uc ml. A measured dose of HISA in 1 to 2 


was injected into the spleen and samples 


ml 
taken 


from a peripheral artery or vein for 20 minutes to de- 


per 
were 
termine concentration. The plasma volume was deter- 
mined with Evans blue. 
studied; 6 had 
to reach a 
2 to 3.5 minutes 
concentration was 94 to 106 per cent (mean, 98 per cent) 


Eight patients with splenomegaly 
The time 
was 


were portal hypertension. 
concentration from 


the constant 


necessary constant 


(mean, 2.8 minutes) and 
of that predicted if the injected dose were distributed 
It was concluded that HISA 


in small volumes was rapidly and almost completely ab- 


into the Evans blue volume 


sorbed from the injection site in the spleen and that its 
rate of appearance in the circulation could be determined 
first 4 minutes. 
circulation 


if frequent samples were taken in the 
No from the 
within th 


significant leakage occurred 
‘riod of study. 
Measurement of collateral blood flow was attempted 
in 12 patients after an overnight fast and without pre- 
medication. On the day prior to the test, the rate of re- 
moval from the blood of BSP (5 mg per kg) was de- 
termined. The volume of distribution (plasma volume), 
the rate of removal of BSP and the rate of constant in- 
fusion necessary for measurement of hepatic blood flow 
were calculated (7). Samples were analyzed for BSP 
by the technique of Seligson, Marino and Dodson (8). 
On the morning of the test a no. 9 radiopaque catheter 
was introduced into a right hepatic vein and the wedged 


All 


pressed in millimeters Hg above the measured right au 


hepatic vein pressure recorded pressures were ex- 
ricular pressure and were obtained with a Miuller-Shil- 
lingford photoelectric transducer and recorder manufac- 
(9). Normal 
values for wedged hepatic vein pressure are less than 12 
mm Hg (10-13). 

An indwelling needle was inserted into a 
tery and a priming dose of BSP, followed by a constant 
infusion of BSP, into the arm 
Paired samples of arterial and hepatic venous blood were 
at intervals 
(14). 

Intrasplenic pressure (15) 
with the needle in position, 2 to 20 wc of HISA in 1 to 


tured by the Cambridge Instrument Co 


femoral ar- 


was administered vein 


withdrawn for determination of hepatic 


plasma flow 


was then measured and, 


2 ml was injected deeply into the spleen. Normal intra 


splenic pressure is less than 14 mm Hg (15, 16). Start- 


ing at the time of injection, continuous simultaneous 


manual withdrawal of blood was made from the hepati 


vein catheter and from the femoral artery at the rate 


of 1 ml each 5 seconds. Syringes were usually changed 


at 30-second intervals during the first 1.5 minutes and at 


1 minute intervals thereafter for 3 additional minutes 


A single sample was taken from each site atter 10 min- 
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HEPATIC VEIN 


ML 


La FEMORAL ARTERY 


RADIOACTIVITY per 











MINUTES AFTER INJECTION 


Fig. 2. 


TERIAL 


HyPpoTHETICAL RADIOACTIVITY OF FEMORAL AR- 
AFTER 


Until absorption 


AND PLASMA 


HISA 


is complete, the hepatic venous values are greater than 


HEPATIC VENOUS INJECTION 


OF INTO SPLEEN AT ZERO TIME, 


the femoral arterial values. 
utes. Samples were heparinized and BSP and radioac- 
Counting was performed 
that 1.2 x 10° 
volume was measured 


tivity were measured in plasma. 
well-scintillation counter measured 
131 


in a 
cpm per uc of iodine Plasma 
with Evans blue dye in 4 subjects. The volume of distri- 
bution for BSP was used in the remainder. 

Calculation. A curve was constructed of the radioac- 
tivity measurements in the hepatic venous and femoral 
arterial plasma, such as is shown in the hypothetical ex 


ample of Figure 2. 


The upper heavy line represents 
hepatic venous radioactivity and the lower line (at the 
upper border of the stippled area) represents femoral ar- 
terial radioactivity, which is assumed equal to the levels 
plasma leaving the 
When the arterial and ve- 


in recirculated arterial splanchnic 
circulation at the same time 
nous lines join, the absorption of radioactivity is com- 
plete and there is equilibrium 

Calculation is based on the premise that during the 
time required to reach equilibrium, the difference be- 
tween the amount of radioactivity leaving the splanchnic 
bed and the amount entering it should be equal to the 
effective radioactivity injected minus the residual radio- 
activity the The radioactivity 


leaving the splanchnic bed is that leaving by the hepatic 


in splanchnic plasma. 
veins (Qny) plus that leaving by the collaterals (Qeoi1). 
The radioactivity entering the splanchnic bed (Qra) is 
the product of the femoral arterial concentration and the 
hepatic plasma flow (Fry). The effective radioactivity 
injected is the product of the equilibrium concentration 
and the plasma (Vr). The 
splanchnic radioactivity is the product of the splanchnic 
plasma volume (V.p:) and the equilibrium concentration 


(Ce) volume residual 


(Ce). The splanchnic bed is defined as those blood ves- 
sels that drain through the hepatic vein. 

Then: 
On = VpCe — VepiCer 


(Vp — Vopi)Ce + Qta — Qn 


Onv + Qeont 


Qeonl 
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TABLE I 


Sample calculation 


Time Arterial Venous Difference Area 


108 cpm/ml (108 min) (cpm/ml) 
11.8 ? 3.6 
21.9 5; 2.8 
19.8 i 4.1 
16.4 3. 1.9 
Zo A 0.9 
11.6 


Total 13.3 « 103 


In Equation 1, Vp: is assumed to be either 21 per cent of 
Vp or is calculated from Equation 1, assuming Qeon to 
be zero. Vp and Ce are determined directly from the 
data. Qra—Qny is obtained from the plot of the data 
as shown in Figure 2. In Figure 2, at any time (e.g., t) 
(x) to the represents 
radioactivity per milliliter of plasma passing through the 
hepatic veins, and the vertical distance (y) to the lower 


the vertical distance upper line 


line represents the portion of radioactivity derived from 
The 


(x — y) between the lines therefore represents the radio- 


recirculated splanchnic arterial plasma. distance 
activity per milliliter of hepatic vein plasma absorbed 
from the spleen. The radioactivity absorbed from the 
spleen via the hepatic veins between time t and time t + dt 
is therefore Fny (x — y) dt microcuries. The total radio- 
activity absorbed through the hepatic veins or the un- 


known quantity Quy — Qt. in Equation 1 becomes 


°T 
Qny — Qta = Fay } (x — y)dt. [2] 
/0 


Sample calculation: 
will better illustrate this manipufation. 


A sample calculation (Table I) 

Table II 

tains pertinent clinical and experimental data. 
The experimental hepatic venous and femoral arterial 


con- 


levels from Patient 1 are illustrated in Figure 3. Each 
SPLENOMEGALY 


Hepatic vein 


Total absorption 





Femoral artery. 


w 
Oo 
°o 
°o 


Counts per minute per mi plasma 
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MINUTES AFTER INJECTION 


Fic. 3. PLASMA CONCENTRATION DATA FROM 
1. Each horizontal block is a single sample of plasma 
collected by continuous sampling during the time indi- 
cated by the widths of the block. 


calculated by dividing the dose given intrasplenically by 


Total absorption is 


the measured blood volume. 


PATIENT 


PORTAL VEIN 1203 
vertical bar represents a single sample collected by con- 
tinuous constant withdrawal of blood during the time in- 
Qny — Qea is calculated from 
The value of the integral is obtained graphi- 


dicated on the abscissa. 
Equation 2, 
cally by determining the area between the hepatic venous 
and the femoral arterial curves. Thus, in Figure 3 the 
value of the clear area for each block until equilibrium is 
listed. 
This value when multiplied by the plasma flow (Table 
II) in milliliters per minute yields Quy — Qea (13.3 X 10° 
xX 665 = 8.72 X 10°). If the concentration in the femoral 
artery is greater than that in the hepatic vein the dif- 
ference is calculated as values are not 
If Qeor is assumed to be zero, the value of 
Vp: may be calculated directly from Equation 1. This 
value is recorded for each patient in Table II as the cal- 
culated V.»i expressed as a percentage of Vp 

For tnis patient the calculation is as follows: 
Equation 1: 


zero; negative 


considered. 


Veot _ Qre — Qay — Qeon + VeC: 
Ve: VeCer 
8.82 XK 108 = 022 
11.2 * 106 ere 
Phus the Vp; is 22 per cent of Vp. 

In order to calculate collateral flow, V sp) is assumed to be 
21 per cent of Vp, and Equation 1 is rearranged to yield: 
Equation 1: 

Qeot! 0.79VeCr + Ota — On 
Qeon + Quy — Qa 0.79V PCE 
8.72 X 10° 


= 1 F385 x 108 


= (0.01. 


Thus the fraction of portal blood flowing through col- 
laterals is 1 per cent. 


RESULTS 


The clinical details, splenographic findings and 
calculation of collateral flow in 12 patients are 
given in Table II. Patients 1 to 3 had no clinical 
evidence of collateral blood flow. The calculated 
collateral blood flows are very low, in agreement 
with the clinical data. The calculated splanchnic 
plasma volumes of 22, 18 and 20 per cent of the 
total were in excellent agreement with values from 
the literature (17-19). Patient 4 had had ascites 
on admission but at the time of study the ascites 
had disappeared. There was no clinical evidence 
of collateral vessels, but portal hypertension was 
present. The calculated splanchnic plasma volume 
was 38 per cent and the calculated collateral flow 
was 22 per cent. 

Patients 5 to 7 had cirrhosis with definite clini 
cal evidence of collateral circulation. The calcu- 
lated splanchnic plasma volumes were 36, 55 and 
85 per cent of the plasma volume, respectively. 
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Hepatic vein 


Counts per minute per mi plasma 
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Total 
absorpt 
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MINUTES AFTER 


Fic. 4. Two SIMILAR STUDIES ON 


venous values were greater than those for the femoral artery. 


after the shunt. 


The corresponding calculated collateral flows were 
19, 43 and 81 per cent. 
with collateral circulation 


The results in a patient 

(Patient 7) are illus- 
trated in Figure 4; this patient was studied before 
In the 
study before shunting, the hepatic venous samples 


and after side-to-side portacaval shunt. 


prior to equilibrium contained more HISA than 
did the femoral arterial samples. The area be- 
tween the curves was smaller than in Figure 3, 
indicating that a smaller proportion of the HISA 
was absorbed via the liver than in the patient with- 
out collaterals. The calculated collateral flow was 
81 per cent. 

In Patient 7, following a side-to-side portacaval 
shunt, the arterial blood contained more radio- 
activity than did the hepatic venous blood, indi- 
cating that radioactivity arrived at the liver first 
through the hepatic artery. Therefore, the cal- 
culated collateral flow was 100 per cent. Two 
other patients were studied after surgical porta- 
In Patient 8 the shunt was end-to- 
side and in Patient 9, side-to-side; in both, the 


caval shunts. 


peripheral blood contained more radioactivity than 
did the hepatic venous blood until equilibrium 
was reached. The patients with past or present 
ascites had a higher calculated collateral flow 
than had those without ascites. 

In Patients 10, 11 and 12 the results were quite 
30th 10 and 11 had cirrhosis with 
ascites and clinical evidence of marked collateral 


unexpected. 
circulation. In both, the radioactivity in the ar- 
terial blood was higher than that in the hepatic 
venous blood. The peculiar finding was also pres- 


PATIENT 7. 


Pa 
1 
INJECTION 
In the first study the hepatic 
This was reversed 


ent in Patient 12 who had no clinical evidence of 


collateral circulation. 
DISCUSSION 


The important assumptions used in calculating 
the collateral flow are listed in the Method section. 
Several of these desérve comment. 

The absorbed HISA must mix completely in 
the splenic vein before the first effluent venous 
branch is reached and at all points where new 
blood is added. Though mixing is probably com- 
plete in the small vessels and in splenic and portal 
veins of normal size, the increased diameter of the 
vessels and the reduced blood flow in portal hy- 
pertension make streamlining possible and even 
probable (20). This has been frequently observed 
in splenic venograms, particularly at the entrance 
of the inferior and superior mesenteric veins (16, 
21). 

The splanchnic plasma volume cannot be meas- 
ured in the presence of collateral circulation (17) ; 
it must therefore be estimated in order to calcu- 
late the collateral flow. The value has been de- 
termined in subjects without liver disease. A 
mean splanchnic plasma volume of 21 per cent of 
the plasma volume was found (17-19) ; the varia- 
tion, however, was large. The portal vein and 
its branches are dilated in portal hypertension; 
their capacity is therefore enlarged. In the pres- 
ence of a collateral circulation, part of the portal 
vein blood drains through the liver and part drains 
through the collateral vessels. The splanchnic 
plasma volume used in Equation 1 is defined as 
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the volume of plasma contained in the vessels 
draining through the liver. By this definition the 
fraction of splanchnic blood in the collaterals must 
not be included. Even though the capacity of the 
portal bed is enlarged, the value of 21 per cent is 
still reasonable. 

The radioactivity in the femoral artery does not 
exactly represent the radioactivity in recirculated 
arterial blood. 
in the splanchnic bed, and sampled as hepatic ve- 


Recirculated radioactivity mixed 


nous blood, left the aorta some time earlier (about 
12 seconds) than the blood sampled simultane- 
ously at the femoral artery. In portal hyperten- 
sion the circulation time of blood from the aorta 
to the hepatic veins is prolonged and therefore 
this error is greater. This prolongation in portal 
hypertension is approximately 20 seconds (20, 
22-24). 


creases the calculated collateral flow by an average 


Applying this correction to the data de- 
of about 8 per cent. This error assumes particu- 
lar importance if some radioactivity reaches the 
peripheral circulation through a collateral vessel 
much earlier than it would through the liver, pos- 
Un- 


der these circumstances the radioactivity in the 


sibly by-passing the pulmonary circulation. 


peripheral arterial blood is much higher than the 
simultaneously sampled recirculated arterial blood 
mixed in the portal bed and sampled at the hepatic 
vein. Such an error leads to overestimation of the 
collateral flow. 

A change in blood flow of 5 to 10 per cent fol- 
lowing the intrasplenic injection might be missed 
in the short time of sampling by the BSP tech- 
nique. 

1 to 3 
plasma volumes were in very good agreement 
Pa- 


tients 4 and 5 the calculated splanchnic plasma 


In Patients the calculated splanchnic 


with the values given in the literature. In 
volumes of 36 and 38 per cent were just outside 
the range of normal in patients without collaterals. 
Therefore, such values may represent the splanch- 
nic plasma volume. On the other hand, both pa- 
tients showed clinical evidence of collateral ves- 
sels, suggesting that calculated V.,, is too high. 
In Patients 6 and 7 the calculated values of 55 
and 85 per cent for the splanchnic plasma volume 
Such 


high values for splanchnic plasma volume are ex- 


are obtained, assuming no collateral flow. 


tremely unlikely ; collateral flow must be present. 
In patients with end-to-side portacaval shunts, 
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radioactive blood reaches the liver only through 
the hepatic artery, and all of this blood leaves the 
liver through the hepatic veins without bypass. 
The volume of blood in all vessels from the hepatic 
artery to the hepatic veins may be calculated (17). 
In Patient 8 the value for this plasma volume of 5 
per cent was obtained. This agrees adequately 
with the figure of 6 per cent for this plasma volume 
found in dogs (25). 

Patients 10 to 12 had calculated collateral flows 
of 100 per cent. 
without surgical portacaval shunts. 


This is unexpected in patients 
In all three 
patients the radioactivity was higher in the periph- 
eral artery than in the hepatic vein. The highest 
values of radioactivity in the peripheral artery in 
these patients appeared in the first half minute 
after sampling (as in Figure 4 after shunt). The 
highest values of radioactivity in the artery in all 
other patients appeared later, just after the end 
of the first minute on the average. The rate of 
appearance of radioactivity in the hepatic venous 
blood was about the same as the rate in the other 
patients. These findings suggest a high blood 
flow of short circulation time through collateral 
vessels. Sucha shunt has been observed by Reich- 
man, Davis, Storaasli and Gorlin (26) and may 
represent the shunt from the portal vein to the left 
side of the heart demonstrated in the anatomical 
studies in cirrhotic patients of Abelmann and co- 
workers (27). 
a high concentration of HISA in a very small part 
of the peripheral circulation (left heart and aorta) 
before this portion of radioactive material could 
appear in the hepatic vein by recirculation. Pa- 
tient 11 showed oxygen-refractory desaturation 


Such a mechanism would produce 


of the arterial blood which is evidence that venous 
blood bypasses the lung. 

Another explanation of these findings would be 
a misplaced catheter in the inferior vena cava. 
The removal of BSP, however, showed that the 
catheter remained in the hepatic vein. A further 
explanation could be the injection of HISA into 
the muscle or peritoneal cavity. The recording 
of the intrasplenic pressure in all three patients 


and the nearly complete absorption of injected 
HISA in two of the three indicates that the needle 


was in the spleen. In Patient 12, however, only 
one-third of the administered dose appeared in 
the circulation in ten minutes. Equilibrium was 


reached in three minutes. Megakaryocytes were 





COLLATERAL BLOOD FLOW 


seen in a smear made from the needle just prior 
to injection, confirming that the needle was in the 
spleen. There is no satisfactory explanation of 
the findings in Patient 12. 


SUMMARY 


A method for the estimation of blood flow 
through the collateral vessels of the portal vein is 
described. The concentration of iodinated albu- 
min injected into the spleen appearing at the he- 
patic vein and in the peripheral circulation is meas- 
ured, and from the difference the collateral flow is 
estimated. The results of this method correlate 
with clinical and radiological evidence of collateral 


circulation. Some patients show very rapid cir- 


culation of the iodinated albumin through collateral 
vessels which makes application of the method 
impossible, 
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The implications of Starling’s law of the heart, 


as stated in the Linacre Lecture (1), make it clear 


that physical exercise brings about increased ve- 
nous return and increased diastolic filling of the 
heart. This, in terms of the Starling concept, in- 
duces sufficient increase in the energy of contrac- 
tion to drive increased volumes of blood into the 
aorta with each siroke. While Starling was aware 
that “the heart is subject to the control of the cen- 
tral nervous system by means of its inhibitor and 
augmentor nerves . . .” he undoubtedly placed the 
emphasis, insofar as cardiac adaptation to stress 
is concerned, on intrinsic response of the myo- 
cardium to change in end-diastolic fiber length. 
It follows, if Starling’s Linacre Lecture is credited, 
that the heart must meet the demands imposed by 
physical exertion, in part at least, by increasing its 
stroke volume. 

This was indeed found to be the case in older 
studies on the effect of exercise on human circu- 
latory function (2-4); these studies served fur- 
ther to establish the view that increase in both 
stroke volume and pulse rate are utilized by the 
organism during exercise. 

A different view has been gradually formulated 
by Rushmer who, using continuous measurements 
of internal left ventricular diameters (5) and cir- 
cumference (6) in unanesthetized dogs exercising 
on a treadmill, was not convinced that response to 
such stress was entirely in accord with Starling’s 
law. These results, and an examination of other 
workers’ data on human subjects, ultimately led 
him to a radical revision of the older view con- 
cerning the interdependence of increase in stroke 
volume, pulse rate and arteriovenous oxygen dif- 
ference in adaptation to exercise. In his words 
(7): “Evidence that the stroke volume need not 
which in- 


change significantly during exercise 


* This work was supported by grants from the United 
States Public Health {H-2113 (C) and HTS- 
5396] and the Dallas Heart Association 


Service 


creases Oxygen consumption by more than 10-fold 
has been accumulating in the literature during the 
recent comment on 


last 20 years.” In his most 


the point, Rushmer modified his earlier views 
somewhat by invoking postural effects on stroke 
volume to explain the large amount of conflicting 
data in the literature, but he still holds that ‘the 
stroke volume increases but little during exertion 
and rarely exceeds recumbent control values” (8). 

Because data on human subjects from our lab- 
with Rushmer’s conclu- 


oratory were in conflict 


sions, it was decided to re-examine our results 


and to add new studies to fill in the gap between 


the resting state and very heavy exercise loads. 


METHOD 


Studies on 26 normal men, aged 19 to 63 (average 28) 
form the basis for this report. Data on 15 of the sub- 


jects were previously reported in studies on maximal 


oxygen intake (9, 10). Since the previous experiments 


were designed to yield information only under resting 
conditions (subject standing) and at exercise loads pro 
intake, 11 additional 


conditions. In 5 


ducing maximal oxygen subjects 


were tested under different subjects, 


initial measurements were made with the subject su- 


pine and at rest. Immediately following, the measure- 


ments were repeated with the subject standing at rest. 


measurements were then made at very low 


In the other 6 subjects the procedure 


Further 
levels of exercise. 
was the same except that no studies were done with the 
subject supine 

as that 
and arterial 


procedure was the same 
reported (9). Brachial 


inserted into the left arm. 


The experimental 
previously venous 
catheters were For measure- 
ment of cardiac output, 10 mg of Evans blue (T-1824) 
was delivered at the end of the catheter into the brachial 
vein with the subject at rest or, in the exercise studies, 
1.5 minutes after beginning of exercise (during the col- 
lection of expired air). Arterial samples were collected 
at 1 
heparin, beginning at the time of injection and continuing 
Analysis of blood samples for dye con 


second intervals in tubes containing powdered 


for 40 seconds 
tent was carried out using a Beckman model DU spectro- 
photometer. The data were then plotted and extrapolated 
by the method of Hamilton, Moore, Kinsman, and Spur 


ling (11). Such error as the sampling technique may in- 
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troduce, especially at heavy work loads, is probably not 
a systematic one insofar as measurement of cardiac out- 
put is concerned. 

Pulse rate and intake (expired air method) 
were measured over a period including that used for the 
After resting de- 


oxygen 


determination of the cardiac output. 
terminations were completed, the subject performed on 
a motor-driven treadmill for 2.5 minutes. Oxygen intake, 
cardiac output and pulse rate were measured during the 
last minute of the exercise period. Grades and speeds 
were set to provide increasing levels of exercise. In 
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Fic. 1. STROKE VOLUME, PULSE RATE AND ARTERIOVE- 
OXYGEN DIFFERENCE WITH INCREASING 
EXERCISE. Data are tabulated in Table I. 
ing values are at extreme left, connected by a vertical 
In each of the three plots, the central heavy line is 


NOUS LOADS OF 


Supine rest- 


line. 
the mean, the two outer lines representing one standard 
deviation above and below the mean. The dashed lines 
represent portions of the oxygen intake scale for which 
data are numerically inadequate (Table 1). For example, 
at oxygen intake of 15 to 19.9 ml per kg per minute, only 


one value is available. 


AND 
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most subjects no more than 3 exercise periods, spaced at 
least 15 minutes apart, were used. 

Mean stroke volume was calculated by dividing the 
cardiac output by pulse rate. 


derived 


Arteriovenous oxygen dif- 


ference from cardiac output and oxygen 


intake by use of the Fick equation. 


was 


RESULTS 


The data are set out in Table I and in Figures 
1, 2 and 3. 

For plotting, the data were grouped according 
to oxygen intake in milliliters per kilogram per 
minute, in 4.9 ml increments. In Figure 1 the 
mean oxygen intake for each group is plotted on 
the abscissa; the mean stroke volume in milliliters 
is plotted on the ordinate. Plotting stroke index 
in milliliters against oxygen intake expressed as 
liters per minute per square meter body surface 
yielded curves that were almost identical with 
those in Figure 1. 

In Figure 2, data on four subjects are plotted in 
order to give some idea of individual variation in 
the response of stroke volume to increasing levels 
of exercise. 

In Figure 3, a plot recently published by Rush- 
mer (8) is the basis for the upper curve. His first 
plot of this type (7) was based on data obtained 
from seven groups of investigators who used the di- 
rect Fick or the dye dilution method for determin- 
ing cardiac output during exercise. Subsequently 
he added data supplied by us, some of which 
were published in the paper by Mitchell, Sproule 
and Chapman (9), to obtain the plot used for con- 
struction of the upper curve in Figure 3. For 
present purposes, the plot was photographically 
enlarged and covered with a grid so that the val- 
ues not otherwise available to us could be read off. 
Owing to the heavy grouping of the data at oxy- 
gen intakes below 500 ml per minute, the initial 
The 


other points on the replot are mean figures ob- 


mean value used in our replot is an estimate. 


tained by grouping individual stroke volume values 
for each 500 ml increment of oxygen intake (Table 
Il). 


is the same as that plotted in Figure 1 except that 


The second curve (labeled observed data) 


the values on the abscissa are expressed in liters 
of oxygen per minute (instead of in milliliters of 
oxygen per kilogram per minute). It should be 
apparent, therefore, that the two upper curves are, 
in part, based on the same data. This is especially 
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Ak 


Vean values at rest (supine and standing) and at increasi 


Group (Os intake) No. Mean Oz intake Cardiac 


Range 


=) 


w 


304 +0.034 
.346+0.052 


Supine rest 
Standing rest 


oc 


14.9 
19.9 
24.9 
29.9 
34.9 
39.9 
44.9 
45-49.9 
50 4+ 


to 


.948+0.108 
.526 
.940-+0.334 
448 
.502+40.273 
885+0.336 
222+0.496 
.401+0.602 
.380+0.463 


00 Ga D 


OO Se Se ey 


Ue b Ww hh 
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true of the portions depicting behavior of stroke 
volume at high oxygen intakes. 

Results of tests of significance between points 
on the stroke volume curve in Figure 1 are given 
in Table III. 


value is significantly higher than the value ob- 


They show that the resting supine 
tained during standing rest. Both resting values 
(supine and standing ) are significantly lower than 
The 


standing resting value is significantly lower than 


the two highest values (117 and 120 ml). 


all those obtained during exercise. In applying 


tests for significance to the replot of Rushmer’s 
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ILE I 


ng levels of oxygen intake of 26 normal men (average age 28 


output Pulse rate AVO: diff Surface area 


ml/ 100 ml 


sqm 


1.96+0.14 
1.91+0.18 


93+1 
66+1 


$.4+1.4 
6.1+0.7 


ce el, 


4 
90+10 3 


108+13 


1.95+0.12 
2.16 
2.05+0.19 
12 
.98+0.16 
98+0.15 
95+0.21 
91+0.19 
82+0.16 


97412 

88 

93+10 
101 
100+14 
117+16 
120+21 
110+17 
107413 


He 


H 


meuuUS 


Tt Ce wpe ob be oe 


= 
hi 
+2 
+1 
17.1+0.7 


2 
1 
1 
1 
1 
1 


collected data, it was not possible to utilize the 
first value (resting) on the curve because the num 
ber of observations was not known. Comparison 


of the second value (96 + 13 ml) with the other 


yoints on the curve shows it to be significantly 
db 2 


lower than the last three points. 


DISCUSSION 


The present study demonstrates quite clearly 
that stroke volume increases with increasing levels 


of exercise although the relation is probably not 
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TABLE Il 180 


Mean values obtained from the plot of collected data ibaa by aaah ictal cei rs: 
by Rushmer (8)* 





a 
° 


rs 
° 


Group 


ie} 
Oz intake) No. Mean O:z intake Stroke volume /o 


COLLECTED a a 
(RUSHMER) _ aN 


a ‘a 


OBSERVED DATA 


ib 
° 


).730 1 96 
202 : 108 
728 5 113 
.230 .187 98 
.176 ; 114 
3.187 Bit 132 
722 + 0.17 136 


eo 
° 





STROKE VOLUME (ml ) 
3S 
So 





sa] 





_ WYPOTHETICAL CURVE 
(RUSHMER) 
*Significant difference between values marked and 
initial value (96 + 13); p values are <0.05, <0.001 and 
<0.01, respectively. 





4 2 ‘ 
OXYGEN INTAKE (1/min ) 


a linear one. The conclusion is true as stated Fic. 3. COMPARISON OF STROKE VOLUME CURVES WITH 


whether one uses standing or supine resting con- 'NCREASING EXERCISE Loans. Upper and lower curves 
+h . . . were replotted from a publication by Rushmer (8). 
ditions as a starting point. It would appear, in Silas tne 
i ai es Data for upper curve given in Table II. 
fact, that from one-third to about one-half of the 
increase in cardiac output near the maximal oxy- , ra ey 
; . volume upon cardiac output during heavy exer- 
gen intake level (21.9 L per minute) over the .._. ae 
ae 79 | é ‘butabl : cise is much more striking. 
resting (7.2 L per minute) is attributable to in- get? : : , 
a ; I i het! Careful inspection of the two plots published by 
crease in stroke volume, depending on whether one - : 
x % the i ; Rushmer suggests that a definite upward trend is 
uses the resting supine or resting standing value : > . : 
ee ' ; Hise © ; present in the second plot (8) (which includes 
for comparison. { the value tor stroke volume . 
cs ; é » ei I our data); there may also be a slight upward 
yrevailing under resting supine conditions also . ? ae . . a 
. : Id sea dete, 2 ; trend in the lefthand portion of the first plot (7). 
obtained during heavy exercise, when the pulse 
bitin chet pon It should be noted also that, when the data are re- 
rate was 184, cardiac output would have been 17.1 5 ase x : ete: ati 
as it grouped as in Figure 3, stroke volume at high 
L. per minute. The difference between the ob- ¢ ee + aa ; 
i ; ne! levels of exercise rises significantly above resting 
served cardiac output near the maximal oxygen : 
heidi Nal te iP Sa eng ‘ies values, which may well include both supine and 
intake level and the theoretical value 1s 4.8 L per . Tr 
: : ate “I standing data. The intermediate portion of the 
minute, which represents about one-third of the stroke volume curve is still not convincingly de- 
observed increase (14.7 L per minute). Using termined: at such levels of exercise, stroke volume 


the resting standing value for stroke volume for may possibly rise very slowly or may remain more 


comparison, the influence of increase in stroke or less constant. 


TABLE III 


Test of significance applied to data in Table I and Figure 1 (top)* 


Comparison Me: alues 


Resting supine vs. resting standing 3 vs. 66 Less than 0.01 
Resting supine vs. value at 35—40 ml/kg/min 3vs. 117 Less than 0.05 
Resting supine vs. value at 40-45 ml/kg/min 3 vs. 120 Less than 0.02 
Resting supine vs. value at 45-50 ml/kg/min . . 110 Not significant 


Resting standing vs. value at 10-15 ml/kg/min . oe Less than 0.01 

testing standing vs. value at 20-25 ml/kg/min , oe Less than 0.01 
sting standing vs. value at 30-35 ml/kg/min 100 Less than 0.001 
sting standing vs. value at 35 ml/kg/min , £7 Less than 0.001 

Nesting standing vs. value at 40-45 ml/kg/min . 120 Less than 0.001 
‘sting standing vs. value at 45-50 ml/kg/min . 110 Less than 0.001 
‘sting standing vs. value at 50+ ml/kg/min . 107 Less than 0.01 


mo/V(SEm,)? + (SEmz2)?, 
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The actual situation in normal subjects who are 


neither highly trained nor habitually inactive 
seems, therefore, to be similar to that suggested in 
Rushmer’s hypothetical curve (Figure 3) ex- 
cept that the values for stroke volume it repre- 
sents are too low. None of the curves is con- 
sonant with the view that stroke volume increases 
very little during exertion and rarely exceeds re- 
cumbent control values even at heavy exercise 
loads in which oxygen intake is about ten times the 
resting intake. As it stands, the statement is ap- 
plicable only to the situation prevailing in mild ex 
ercise. One might question its general validity 
even in this case since, in human subjects, exer- 
tion often follows periods of quiet standing when 
at its 


As for heavy exercise, such as that producing 


stroke volume is unquestionably lowest. 
maximal oxygen intake, it seems to be impossible 
for normal human subjects to make the necessary 
adaptation without increasing stroke volume. 
Thus, although Rushmer’s original rejection of 
“generally accepted dogma” (7) appears to have 
heen too sweeping, a resolution of the difficulty 
is reached by allowing for the influence of position 
on resting stroke volume, vis-a-vis those prevail- 
ing at low levels of exercise, and by noting the 1im- 
pressive extent to which stroke volume is utilized 
at high levels. 
The matter is, in fact, of some theoretical im- 
portance. If it could be shown that adaptation to 


exercise over the full physiologic range can be 


accomplished solely, or even primarily, by increase 


in pulse rate, the significance of changes in in- 
trinsic myocardial reactivity would be doubtful. 
That intrinsic myocardial response changes dur- 
(12), al- 


though it has not been possible to study the phe- 


ing exercise has been demonstrated 


nomenon quantitatively at high exercise loads. 
The role of the Starling mechanism in adaptation 
to exercise thus again comes into focus. It is a 
question, in a sense, of what Starling actually 
meant by the law bearing his name. If one insists 
that he considered venous return to be the vital 
initiating factor in cardiac response to exercise, 
and the keystone in his whole theoretical arch, 
then to an extent Startling’s law may be invalid. 
If, on the other hand, one considers that the funda- 
mental feature of the law, as set out by Frank 
(13), 
(15), 


Straub (14) and Patterson and Starling 
is a relationship between “force of con- 


N. 


FISHER AND BRIAN J. SPROULE 
traction,” or stroke work, and end-diastolic vol- 
that the 


principle plays a definite role in cardiac response 


ume, evidence now available indicates 


to exercise. The increase in stroke volume seen 
with increasing loads of exercise is a manifestation 
of this role and would be difficult to explain if 
some such principle were not operative. 

A complete understanding of the cardiovascu- 
lar response to exercise is by no means at hand. 
Obviously, individual differences in response are 


considerable, as suggested by Figure 2. 


Factors 
determining what mechanism will be dominant, 
especially at low to moderate levels of exercise, 
are not known. Very probably, physical training, 
age and body composition are involved. There 
can be little doubt, however, that in higher or- 
ganisms, including man, adaptation to exercise 
requires an intricate interdigitation of neural, myo- 
cardial and chemical factors and that ability to in- 
volume is one of the mechanisms 


crease stroke 


involved. 


CONCLUSIONS 


1. Increase in stroke volume is one of the mecha- 
nisms normally utilized in cardiovascular adapta- 
tion to exercise in man. 

2. The relative importance of the mechanism 
appears to be greatest at the transition from rest 
(subject standing) to mild exercise and at levels 
of exercise approaching those producing maximal 
oxygen intake. 

3. The highest levels of stroke volume reached 
during heavy exercise are significantly greater 
than those prevailing at rest, whether the subject 


is supine or standing. 


REFERENCES 


The Linacre Lecture on the Law of 
1918 


Starling, E. H. 
the Heart. 
Means, J. H., and Newburgh, L. 
caffeine the blood flow 
Pharmacol. exp. 


London, Longmans, Green, 
H. 


in 


The effect of 
normal human 
1915, 7, 449. 


Ueber die Regulierung des Kreislaufes 


upon 
subjects. J. Ther. 
Lindhard, J. 

im gesunden und kranken Organismus. Cardio 
logia (Basel) 1937, 1, 366. 
and Nielsen, M. 
muscular work 
1955, 35, 778. 


> 


Rushmer, R. F. 


Asmussen, E., Cardiac output dur- 


ing and its regulation. Physiol 


Rev 


Continuous measurements of left 


ventricular dimensions in intact, unanesthetized 


dogs. Circulat. Res. 1954, 2, 14. 





. Rushmer, 


BEHAVIOR OF STROKE VOLUME AT REST 
. Rushmer, R. F. Pressure-circumference relations of 
Amer. J. Physiol. 1956, 186, 115. 
Constancy of stroke 
exertion. 


left ventricle 
BR: F, 
ventricular responses to 
Physiol. 1959, 196, 745. 


. Rushmer, R. F. 


volume in 
Amer. J. 


Postural effects on the baselines of 
ventricular performance. Circulation 1959, 20, 
897. 

. Mitchell, J. H., Sproule, B. J., 
The physiological meaning of the maximal oxy- 
gen intake test. J. clin. Invest. 1958, 37, 538. 

. Mitchell, J. H., Sproule, B. J., 
Factors influencing respiration during heavy ex- 
clin. Invest. 1958, 37, 1693. 

Moore, J. W., Kinsman, J. M., 


Studies on the circulation. 


and Chapman, C. B. 


and Chapman, C. B. 
ercise. J. 
. Hamilton, W. F. 


and Spurling, R. G. 


AND DURING EXERCISE IN 


HUMAN BEINGS 1213 

IV. Further analysis of the injection method, and 

of changes in hemodynamics under physiological 

and pathological conditions. Amer. J. Physiol. 
1932, 99, 534. 

12. Chapman, C. B., Baker, O., and Mitchell, J. H. Left 
ventricular function at rest and during exercise. 
J. clin. Invest. 1959, 38, 1202. 

13. Frank, O. Zur Dynamic des Herzmuskels. Z. Biol. 
1895, 32, 370. (On the 
muscle, C. B. Chapman and E. Wasserman, Trans 
Amer. Heart J. 1959, 58, 282, 467.) 

14. Straub, H. Saugertierherzens. I] 
Dynamik des rechten Herzens. Dtsch. Arch. klin 
Med. 1914, 116, 409. 

15. Patterson, S. W., and Starling, E. H. On the 
mechanical factors which determine the output of 


Physiol. (Lond.) 1914, 48, 357. 


dynamics of cardiac 


Dynamik des 


the ventricles. J. 


SPECIAL NOTICE TO SUBSCRIBERS 


Post Offices will no longer forward the Journal when you move. 


Please notify The Journal of Clinical Investigation, Business 


Office, 333 Cedar Street, New Haven 11, Conn., at once when you 
have a change of address, and do not omit the zone number if 


there is one. 





CONJUGATION OF SULFOBROMOPHTHALEIN SODIUM WITH 


GLUTATHIONE IN 
By BURTON COMBES # 
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Schor 
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Most of the sulfobromophthalein sodium (BSP ) 
appearing in the bile of man, rat, dog, sheep and 
cat differs chromatographically from the free BSP 
The altered BSP 


compounds in man, rat and dog appear to be amino 


originally administered (1-4). 


acid conjugates (2-4). Thus, after hydrolysis of 


the major BSP compounds with 6 N HCl, several 


amino acids have been detected by filter paper 


chromatography. Glycine, glutamic acid and ala 


nine were idenufied in man (2, 3), glycine and 
glutamic acid in the rat (2) and glycine in the dog 


Pir 
Recently, in a 
\ heeler, 


BSP appears in bile of the dog as a conjugate of 


preliminary report, Javitt, 


Baker and Ramos (5) suggested that 


glutathione. These authors found glycine, glu 
tamic acid and evidence of free sulfhydryl groups, 
as manifested by a positive sodium azide-iodine 


reaction, after alkaline hydrolysis of the major 


BSP conjugates. Occasionally, cysteine was de 
tectable. BSP conjugates formed in vitro by ad 
mixture of BSP and glutathione were identical 
electrophoretically and chromatographically with 
conjugates found in bile. Cysteine has also been 
identified in human BSP conjugates by Grodsky, 


(4). 


to detect after hydrolysis with concentrated HC, 


Carbone and Fanska Cysteine was difficult 
but was more clearly demonstrated when the BSP 
compounds were hydrolyzed with HBr. Glycine 
and glutamic acid were also detected after hydroly- 
sis of the BSP conjugates. However, these amino 
acids were found in hydrolysates of control bile 
processed in the same fashion as BSP bile. There- 
fore, these authors regarded glycine and glutamic 
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American authors are 


to Mrs 


+ Established 
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Investigator of the American Heart As- 


sociatior 


THIOETHER 
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The University of 
1, Dallas, Texas) 


LINKAGE BY THE 


RAL * 
STAKELUM 


Texas Southwestern Medical 


April 7, 1960) 


acid as possible contaminants of the BSP me- 
tabolites. 

In the present report, evidence will be presented 
glutathione in the 
that 
the linkage of glutathione to BSP occurs through 


that BSP is conjugated with 


rat. Furthermore, it will be demonstrated 


the sulfhydryl group of cysteine. 


MATERIALS AND METHODS 


Four to 5 mg of S*-labeled reduced glutathione 4 which 


2 


contained 20 to 30 we of radioactive sulfur was injected 


intraperitoneally into 7 rats. Two rats received approxi- 
mately 5 mg of S-labeled L-cystine! containing 25 yc 
Ten uc of inorganic S*”O, in normal sa 


ine was administered to aa additional 2 


of radioactivity 


] rats. Two to 


4 hours later, polyethylene tubing was inserted into the 
common bile duct and a control bile sample was collected 
for 45 minutes. BSP in amounts of 4 to 5 mg per 100 g 
weight was then injected intravenously and addi 


collected 


body 


over the ensuing 45 minutes 
labeled BSP2 was 


travenously and bile was collected for 3 hours after the 


tional bile was 
In four experiments, S given in- 
common bile duct was intubated 
Descending chromatograms of bile made on 
Whatman no. 1 


radioactivity and of BSP on the chromatograms was then 


were 


filter paper strips The distribution of 


determined. The chromatographic techniques and the 


methods of quantitating radioactivity and BSP color on 


chromatograms have been described in detail in a previ 


> 


ous publication (2). Briefly, two adjacent strips 1 to 


1.5 cm wide were cut longitudinally from the chromato 


grams. After sectioning at 1 cm intervals, radioactivity 


was measured on one strip by placing each segment of 


paper in a counting bottle containing a phosphor and 


counting in a liquid scintillation counter. The distribu 
tion of BSP on the adjacent strip was determined by 

ting the BSP contained in each segment of paper into 
0.1 N optical 
density of the eluate in a Beckman DU spectrophotometer 
set at 575 mu. Where the 


BSP 


potassium hydroxide and measuring the 


ratio of counts to BSP color 
a single compound was determined before and 


passing the compound through an ion exchange 


1 Schwarz Laboratories, Inc., 


2 Volk Radiochemical Co., ( 


Mount Vernon, N. Y 
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column or acid hydrolysis, duplicate chromatograms of 
the BSP compound were developed. Total radioactivity 
contained in the BSP spot on one chromatogram and 
BSP color contained on the duplicate were determined. 

To prepare BSP compounds for chemical analysis and 
amino acid chromatography, BSP bile was pooled from 
several rats. The BSP compounds were separated by 
descending chromatography as previously described (2). 
The BSP-containing bands were located on the paper 
by exposure to ammonia vapors and eluted into water. 
The eluate was passed through the Dowex 50-8 200 to 
400 mesh ion exchange column to remove any free amino 
acids or peptides that migrate with the same Rr as the 
solutions were concen 


BSP compounds. The resulting 


trated under a stream of nitrogen in a 60° C water bath 

Conjugation of the lactone ring in the BSP compounds 
with amino acids to form a peptide bond was tested for 
by examining the capacity of the compounds to form hy- 
droxamic acids. One ml of the concentrated BSP solu- 
tions was evaporated to dryness in a water bath at 60° ¢ 
and the procedure outlined by Bauer and Hirsch (6) was 
followed 3SP standards were run simultaneously with 
the BSP compounds separated from bile 

The reactions with hydroxylamine and nitroprusside 
on paper as described by Stadtman (7) were used to de- 
termine the presence of a thioester linkage in the major 
BSP conjugate. The reactions of S-acetyl glutathione, 


a known thioester, and free BSP were also examined. 
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The presence of a thioether bond in the major BSP con- 
jugate was tested for by the iodometric method of Stekol 
(8). An excess of iodine was added to the solution and 
the quantity of iodine consumed was determined by back 


titration with standard thiosulfate solution. The mo- 
larity of the iodine and thiosulfate solutions used was 
0.0005 M since very small quantities of the BSP conju 
gate were available for analysis. Even at these low con 


centrations, recovery of mercaptoethanol, a known SH 


compound, was satisfactory.. Thus, when 1 ml of a 5 
10* M 
rectly for its SH content, the recovery was 108 per cent 
(Table VI). 

The sodium azide-iodine reaction was performed as a 
One drop of the test 


solution of mercaptoethanol was analyzed di 


spot test as outlined by Feigl (9). 
solution was mixed with one drop of sodium azide-iodine 
solution. The time at which bubbles were first detected 
and the character of the bubbles were noted. 

To identify the amino acid composition of the BSP 
compounds, 5.9 N 
HCl in sealed glass tubes for 16 to 18 hours at 110° (¢ 


the conjugates were hydrolyzed in 
Aliquots were pipetted onto a watch glass and brought 
to dryness under a stream of hot air. After redissolving 
in water and redrying to get rid of traces of HCl, the 
was subjected to two-dimensional amino acid 
filter paper (10, 11). Standard 


material 
chromatography on 
amino acids as well as hydrolyzed samples of glutathione 


were chromatographed simultaneously. 
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hic. 1. RADIOAUTOGRAPHS OF 
was obtained after S-labeled 
BSP bile sample collected 


CHROMATOGRAMS OF 
glutathione 


nously and a 


Whatman no. 1 filter paper strips in a descending system consisting of glacial acetic acid: water: n-propyl alcohol 


(1:5:10, vol/vol). 


CONTROL BILE AND BSP BILE IN 


was administered intraperitoneally 


Rat GSH 2. Control bile 


BSP was then injected intrave 


Equal volumes of control and BSP bile were chromatographed on 


The papers were dried and radioautographs developed 
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RESULTS 


1. Incorporation of radioactivity from S*-labeled 
glutathione and S**-labeled cystine into BSP 
conjugates 


Radioactivity was associated with the BSP 
conjugates identified on chromatograms of bile 
collected from rats receiving S**-labeled glutathi- 
one and $*°-labeled cystine. A representative ra- 
dioautograph of such chromatograms from a rat 
receiving radioactive glutathione is demonstrated 
in Figure 1. Radioactive material was present in 
BSP 


Similar radioactive bands were also de- 


control bile obtained before was adminis- 
tered. 
tected in bile collected after BSP was injected. 
In addition, however, a very dense band, not de- 
Other 
3SP bile, but it is difficult to 


be sure on the basis of such radioautographs 


tected in control bile, is seen in BSP bile. 
bands are seen in 


whether they represent a qualitative or quanti- 
BSP. bile, 


since faint bands in similar location are seen in 


tative difference between control and 
control bile. 

The distribution of BSP and of radioactivity 
on the chromatogram from which the radioauto- 
graph in Figure 1 was made can be seen in Figure 
2. Values for optical density due to BSP are 
plotted on the upper half of the figure. Three 


BSP peaks are evident. The first, which has its 
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AND OF 
The ra- 
dioautographs of these chromatograms are shown in Fig- 


ure 1. See text for description. 
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peak at 14 cm from the origin of the chromato- 
graph, corresponds to BSP A, the major BSP 
conjugate in rat bile. The second has its peak 
18 cm from the origin and corresponds to BSP B, 
another BSP conjugate. The third peak is at 
27 cm and is composed of BSP D, which has been 
The S* 


BSP biles is plotted on the lower half of Figure 2. 


shown to be free BSP. in control and 
It is evident that peaks of radioactivity which con- 
form in shape and position with the BSP conju- 
gates, BSP A and BSP B, are present only in 
BSP bile. The BSP conjugates in all of the ani- 
mals receiving S*-labeled glutathione and S*°- 
labeled cystine were labeled. By contrast, the 
free BSP excreted in bile did not contain radio- 
activity. 

The ratio of counts per minute per unit optical 
density in BSP A was determined before and af- 


TABLE I 


Relationship of S** counts to BSP optical density in BSP A 
obtained from rats receiving S**-labeled glutathione 


Not through 
Dowex-50 X 


Through 
Dowex-50 X 


cpm/l 
1,724 
1,328 
973 


optical density 
1,798 
1,303 
947 


ter passing BSP A through a Dowex-50x 200 to 
BSP A readily 
passes through the column and is not altered by 


400 mesh ion exchange column. 


the procedure, whereas free amino acids and small 
peptides are bound to the column. It can be seen 
(Table 1) that the quantity of radioactivity as- 
sociated with the BSP conjugate remains the 
same after passing BSP A through the Dowex 
column, indicating that the S* is 


an intimate 


part of the BSP conjugate. 


2. oe of S* 


incorporation into the BSP mole- 
cule in BSP conjugates 


Several possible alternatives by which S* from 
labeled glutathione and cystine could become a 
part of the BSP conjugates were examined. 

a) Exchange of sulfur in the sulfonic acid 
groups. This exchange should occur only in the 
BSP conjugates, since the S* label of glutathione 
was introduced only into the BSP conjugates and 
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TABLE II 


Comparison of S** counts to optical density in BSP A and 
BSP D after administration of BS**P 


Experiment BSP A BSP D 

optical density 
48,600 
72,100 
50,100 
51,400 


cpm/l 
49,400 
69,300 
47,500 
51,700 


BSP. when BSP labeled 


with S** in the sulfonic acid group is administered, 


not into free Thus, 
sulfur exchange in the conjugates should lead to 
a lowering of their specific activity as compared 
ISP. 
per unit optical density due to BSP in BSP A and 


with free The ratio of counts per minute 


BSP D was determined in four experiments 
(Table I1). 
3SP conjugate and free BSP did not differ sig- 


The specific activities of the major 
nificantly. Additional evidence against sulfur ex- 
change is provided by the inorganic S*O, ex- 
periments, in which no evidence was found for 
incorporation of radioactivity into the BSP com- 
pounds (Figure 3). 


0.8 pe 


Rat #15 263g 
10sic S350, 1.P. 
After SArs. 
BSP 6mg Lv. 


0.7 


9 
o 


9° 
wn 


BSPC BSPD 


f° 


- 


° 
w& 


Qemne= 0 
BSP Bile 


BSP OPTICAL DENSITY 
° 
.s 


Ss / MINUTE 


9° 
iv 
LY 
° 
(2) 


. e 
Control Bile 


om 
| 
fo 7 Ve 0, ® 


sl 
i Wee 
Zou ff, Kobe 
oms02=9 =Pnaf—9—0 1 8" I _ 
2 4 6 8 10 

CENTIMETERS 


° 








re) 
°o 
$35 COUNT 





° 
12 14 616 


Fig. 2) Tur 
BSP ON THE CHROMATOGRAMS OF A 
ORGANIC S*Q,. 


DISTRIBUTION OF RADIOACTIVITY AND OF 
RAT RECEIVING IN- 
Only that segment of the chromatograms 
The values for BSP 
optical density are indicated by the solid line with solid 
The S* BSP 
and control bile are shown by the solid line with open 


containing the BSP bands is shown. 


circles. counts per minute contained in 


circles and the dashed line with solid circles, respectively. 


No incorporation of radioactivity into the BSP com- 


pounds is demonstrated, 
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b) Formation of an ethereal sulfate. The ratio 
of counts per minute per unit optical density in 
BSP A obtained from rats given S**-labeled glu- 
tathione was determined before and after heating 
a solution of BSP A at 100° C for 30 minutes in 
LN Cl (Table 111). 
known to be hydrolyzed under these conditions 
(12). 
BSP conjugate was detected after hydrolysis in 


Ethereal sulfates are 


No decrease in specific activity of the 


weak acid. 

As a further test for the presence of an ethereal 
sulfate in the BSP compounds, radioactive in- 
organic sulfate was administered to two rats to 
see whether the radioactivity would appear in the 
This 


Isselbacher and McCarthy demonstrated radio- 


BSP conjugates. was carried out, since 


active label in the ethereal sulfate of bilirubin col- 
lected in bile when inorganic S*°O, was adminis- 
tered intraperitoneally to rats (13). In the two 
rats given inorganic S*°O, and then BSP, no ra- 


rABLE Ill 


Effect of heating BSP A from rat receiving S**-labeled 
glutathione, at 100° C for 30 minutes in 1 N HCl 


Counts per minute/U optical density 


300 
296 


298 
288 


Before heating 
After heating 


dioactivity appeared in the 
The distribution of BSP and of 


BSP compounds re- 
covered in bile. 
radioactivity on the chromatograms of one such 
animal is shown in Figure 3. 

c¢) Conjugation with the lactone ring of BSP. 
Two types of linkage with the lactone ring of 
BSP might exist, namely peptide and_ thioester. 
The hydroxylamine reaction was used to test for 
the presence of a peptide bond in the BSP con- 
jugates. 
tide linkage, the BSP conjugates would not form 
hydroxamic acids. It observed that free 
BSP (BSP D), BSP A and BSP C, obtained 
from bile pooled from several rats, all formed hy- 


If the lactone ring were engaged in pep- 


Was 


droxamic acids (Table IV). The ratio of found 
optical density to that in free BSP was 1.20 for 
BSP A and 1.18 for BSP C. 
from unity are within the range of experimental 
the 
ruled out the participation of the lactone ring with 


Such deviations 


error of method. Although these findings 


amino acids in peptide linkage, they did not ex- 
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TABLE IV 


Reaction of BSP compounds with hydroxylamine 


Optical density of BSP- 
hydroxamic acid-iron 
complex 
Concentration 
of BSP Expected Found/expected 


Compound Found 


c 


0.295 
0.120 
0.224 


g 
BSP A 55 
BSP C 3. 
BSP D 50. 
(free BSP) 


0.245 1.20 
0.102 8 


clude a thioester bond, for thioesters have been 
shown to react with hydroxylamine to form hy- 
droxamic acids (7). Therefore, the reaction of 
BSP A with hydroxylamine on paper (7) was 
carried out. A free sulfhydryl group should be 
identified after reaction of a thioester with hy- 
droxylamine. Free BSP, S-acetyl glutathione, a 
mixture of these two, and BSP A formed hy- 
droxamic acids after treatment with hydroxyl- 
amine, as evidenced by a positive reaction with 


(Table V). Whereas 


none of the compounds exhibited a positive reac- 


ferric chloride reagent 
tion for free sulfhydryl groups before the hy- 
droxylamine reaction, a free sulfhydryl group was 
the 
When 


reagent was added to the mixture of S-acetyl glu- 


now demonstrable on papers containing 


S-acetyl glutathione. the nitroprusside 
tathione and BSP after treatment with hydroxyl- 
amine, a purple color due to the BSP appeared 
first and then rapidly faded. A red color attrib- 
uted to the presence of a free sulfhydryl group 
then demonstrable before it also 
faded. 


\ spot. 


was clearly 
No red color was discernible in the BSP 


A thioester linkage in BSP A thus seemed 


TABLE \V 


Reactions for presence of a thioester bond 


Free sulfhydryl group 


Format Before After 
hydroxami« hydroxyl hydroxyl 
ympoun acid amine amine 


on of 


50 wl 100 mg © BSP 0 


50 ul 50 mg © S-acetyl : 


glutathione 
50 wl 100 me © BSP 
+ 50 wl 50 meg &% 
S-acetyl glutathione 
BSP A 550 mg ‘ 
20 yl 
100 ul 
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unlikely. It can be concluded, therefore, that no 
opening of the lactone ring accompanies conjuga- 
tion of BSP with amino acids. 

d) Thioether linkage with BSP. 
was detected of a free sulfhydryl group in unhy- 
drolyzed’ BSP A. 


drolysis of the conjugate, approximately one sulf- 


No evidence 
However, after alkaline hy- 


hydryl group was titrated iodometrically for each 
mole of BSP in two separate pools of BSP A 
(Table VI). 


These findings, which indicate the presence of 


Free BSP did not react with iodine. 


bound sulfur in the major BSP conjugates, were 
supported by results obtained with the qualitative 
sodium azide-iodine reaction (9). <A positive re- 


TABLE VI 


Titration of BSP compounds with iodine and 
thiosulfate solutions 


0.0005 N iodine 
Volume of consumption 
sample 
analyzed 


Molarity of 
Compound sample Found Expected 
ml ml 
6.0 K 107% 1.0 0* 0 
6.4 XK 10-4 1.0 1.06* 1.28 
6.6 XK 10~¢ 1.0 1.10* 1.32 
5.0 x 10-4 1.0 1.08+ 1.00 


Free BSP 

BSP A, Pool 1 
BSP A, Pool 2 
Mercaptoethanol 


* Corresponds to milliliters iodine consumed after alka- 
line hydrolysis minus milliliters consumed by blank. 

t Milliliters iodine used in titration of unhydrolyzed 
sample. 


action is indicated by the evolution of bubbles of 
nitrogen. When cysteine was mixed with sodium 
azide-iodine, bubbles were detected as indicated in 


Table VII. 


However, when compared with cysteine, the on- 


BSP A also gave a positive reaction. 


set of visible reaction was delayed and the bubbles 


evolved were very fine. 


Cystine, a compound 


with bound sulfur, reacted even more slowly than 
did BSP A. 


reaction. 


Free BSP did not give a positive 


3. Amino acids detected after hydrolysis of BSP 
compounds 


Glycine, glutamic acid and alanine were identi- 
fied in hydrolysates of BSP A, BSP B and BSP C. 
No amino acids were associated with BSP D, the 
The 


ninhydrin spots conforming to glycine and glu 


compound which corresponds to free BSP. 


tamic acid were usually of equal size and color 


intensity. Occasionally, in hydrolysates of BSP B 
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rABLE VII 


Results of the sodium azide-iodine reaction* 


Time in seconds at which bubbles 
first developed 


Cystine 


Cysteine BSP A 
(R-S-S-R) BSP 


Molarity of 
(R-SH) (R-S-R) 


solution 


None 
None 


50-60 90 
>120 


0.0004 12 
0.0003 30 90 


4 


* One drop of the test solution was mixed with 1 drop 
of sodium azide-iodine reagent. There were approxi- 
mately 32 drops per ml. 


and BSP C, the glycine spot was more prominent 
than the glutamic acid spot. Alanine was always 
less prominent than glycine and glutamic acid. 
On some chromatograms, alanine was not detected 
until the chromatogram was “loaded” with the 
hydrolysate of the BSP compound. 

Oxidation of each hydrolysate was also car- 
ried out with hydrogen peroxide and ammonium 
molybdate on a second chromatogram, as outlined 
by Dent (10), to facilitate the identification of 
cysteine. Cysteine and glutamic acid migrate very 
close to each other and usually are superimposed 


in the solvent systems used. However, after oxi- 
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dation, cysteine is converted to cysteic acid, a com- 
pound which is easily separated chromatographi 
cally from glutamic acid, and thus can be definitely 
identified. Despite use of this method, cysteine 
was not detected, even when 30 pg of BSP was 
placed on the chromatograms. Assuming that 
BSP is conjugated with one molecule of glutathi- 
one, approximately 10: to 12 pg of hydrolyzed 
glutathione was put on paper. By contrast, cys- 
teine (as cysteic acid) was regularly identified in 
hydrolysates of glutathione alone and in mixtures 
of equimolar concentrations of glutathione and 
BSP when as little as 1.84 pg of hydrolyzed glu- 
tathione was put on paper. The cysteic acid spot 
observed with ninhydrin was less intense than 
were the glycine and glutamic acid spots. 

Since alanine but not cysteine was identified in 
hydrolysates of BSP conjugates, the possibility 
that the sulfur of cysteine remained attached to 
the BSP molecule after HCl hydrolysis was ex- 
amined. BSP A isolated from a rat given S*- 
labeled L-cystine was hydrolyzed in 5.9 N HCl 
at 15 pounds pressure for 3 hours. A chromato- 
gram of the hydrolyzed material was developed, 


and BSP bands were identified. Radioactivity on 
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BSP A After hydrolysis 
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A was isolated from the bile of a rat that had received S-labeled cystine. 
5.9 N HCI by heating at 100° C for 3 hours at 15 pounds pressure. 
Radioactivity was associated with the hydrolytic BSP products. 


and after hydrolysis are shown. 


RELATIONSHIP OF RADIOACTIVITY TO BSP BANDS BEFORE AND AFTER ACID HYDROLYSIS OF BSP A. 


BSP 
BSP A was partially hydrolyzed in 
Drawings of chromatograms of BSP A before 
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the chromatograms was then located by a chro- 
matogram scanner.* Three BSP-containing bands 
with R¢, of 0.56, 0.77 and 0.87, respectively, were 
seen after hydrolysis. The R¢y of unhydrolyzed 
BSP A was 0.48 and that of free BSP, 0.76. When 
free BSP is subjected to acid hydrolysis and then 
chromatographed, at least two compounds are 
identified. One travels with the same Ry as does 
free BSP, the other moves more quickly (2). 
Therefore, the BSP bands moving with Rr, of 
0.77 and 0.87 in the hydrolyzed sample of BSP A 
no doubt corresponded to these BSP moieties. 
Radioactivity was associated with all three BSP 
compounds (Figure 4), indicating that the S*° of 
cysteine remains attached to the BSP molecule 
after hydrolysis. 


DISCUSSION 


The present studies indicate that cysteine as well 
as glycine and glutamic acid is present in the 
BSP conjugates. Thus, radioactivity conforming 
in shape and position with the BSP conjugates, 
but not free BSP, was regularly identified on 
bile 


that had received S*°-labeled reduced glutathione 


chromatograms of collected from animals 


and S*°-labeled L-cystine. The radioactivity was 
intimately associated with the BSP compound 
since it could not be removed by passing BSP A 
through a Dowex-50 200 to 400 mesh ion ex- 
change column. Incorporation of the radioactive 
sulfur into BSP conjugates need not be attributed 
to cysteine conjugation, however. Radioactivity 
might appear in the BSP compounds by S** ex- 
change with the sulfonic acid groups or by forma- 
tion of an ethereal sulfate with the hydroxyl groups 
of BSP. Both of these possibilities seem to have 
been excluded. Since radioactivity appeared only 
in the BSP conjugates when S*°-labeled glutathi- 
one and S-labeled L-cystine were administered, 
sulfur exchange would have occurred in the con- 
jugates and not in free BSP. It was reasoned, 
therefore, that sulfur exchange should be indicated 
by a lowering of the specific activity of the BSP 
conjugates and not of free BSP when S*°-labeled 
BSP was administered. The specific activities of 
BSP A and BSP D (free BSP) eluted from paper 
chromatograms did not differ significantly. In 


Model RSC-5A chromatogram scanner manufactured 


by Atomic Accessories, Inc. 
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addition, no radioactivity appeared in the BSP 
conjugates in the rats given inorganic S*°Q,. 
Sulfur exchange was therefore ruled out. Forma- 
tion of an ethereal sulfate of BSP appears to be 
excluded by the observation that the ratio of S* 
counts per minute per unit optical density of BSP 
in BSP A 
which hydrolytic cleavage of an ethereal sulfate 


was not altered under conditions in 
would be expected. This finding was supported 
by the less specific inorganic S“O, experiments, 
in which no evidence was found of incorporation 
of radioactivity into the BSP conjugates. 

It seemed likely, therefore, that the association 
of radioactivity with the BSP conjugates in ani- 
mals receiving S*°-labeled glutathione and L-cys- 
tine was due to incorporation of cysteine in the 
BSP conjugates. Chromatograms of BSP con- 
jugates hydrolyzed with 5.9 N HCl failed to re- 
veal this amino acid, however. In part, this could 
be explained by destruction of cysteine which is 
known to occur during hydrolysis with strong 
HCl (14). 


could not account for the inability to find cysteine 


Nevertheless, such an explanation 


when hydrolysates containing up to 30 «g of BSP 
were placed on the chromatograms. Such chro- 
matograms would contain approximately 4.3 ug 
of cysteine, assuming that one mole of cysteine 1s 
conjugated with one mole of BSP. Even the 
much smaller quantity of cysteine contained in 1.8 
ug of reduced glutathione, approximately 0.7 «g, 
was readily detected chromatographically when 
glutathione either alone or containing an equi- 
molar amount of free BSP was hydrolyzed with 
5.9 N HCI. 


acid chromatograms suggested another possibility, 


The presence of alanine on the amino 


namely, that the sulfhydryl group of cysteine was 
split off during acid hydrolysis. Indeed, this was 
confirmed by finding radioactivity associated with 
the hydrolytic products liberated during hydroly 
BSP that had re- 


sis of A obtained from a rat 


ceived S*°-labeled L-cystine. From the size and 
color intesity of the alanine spot on amino acid 
cysteine with 


chromatograms, desulfuration of 


liberation of alanine seemed to be more significant 


quantitatively than was destruction of cysteine to 


non-ninhydrin-reacting products in explaining the 
inability to detect cysteine chromatographically. 
In the present studies, evidence of a thioether 
bond between the sulfhydryl group of cysteine and 
BSP was adduced from the observation that ap- 
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proximately one sulfhydryl group was titrated for 
one mole of BSP after alkaline hydrolysis of 
BSP A, the major conjugate in the rat, whereas 
no titrable sulfhydryl group was present prior to 
hydrolysis. Similar results would have been ob- 
tained if the sulfhydryl group of cysteine was con- 
jugated with the lactone ring of BSP in thioester 
linkage. The absence of a free sulfhydryl group 
after reaction of BSP A with hydroxylamine ex- 
cluded a thioester bond, however. Absence of a 
free sulfhydryl group in the intact BSP conjugate 
also implies that cysteine is not bound in peptide 
linkage. The results obtained in the reaction be- 
tween the BSP conjugates and hydroxylamine af- 
Free BSP con- 


tains a lactone ring which is capable of forming 


ford additional evidence for this. 


6. . 
a hydroxamic acid. 


If the lactone ring were en- 
gaged in peptide bond formation, hydroxamic acid 
formation would be unlikely. The observation 
that the conjugates BSP A and BSP C, like free 
BSP, formed hydroxamic acids ruled out such a 
linkage. Since cysteine can be easily identified in 
hydrolysates of glutathione, a compound in which 
this amino acid exists in peptide linkage, it seems 
likely that difficulty in identifying cysteine in hy- 
drolysates of BSP conjugates is related to the ex- 
istence of the thioether bond. During hydrolysis 
of the BSP thioether linkage with strong HCl, the 
sulfhydryl group tends to remain attached to the 
BSP molecule. 

In confirmation of earlier studies (2), glycine 
and glutamic acid were identified in hydrolysates 
of BSP conjugates. It was previously pointed 
out that these amino acids are found occasionally 
when control bile is chromatographed and the 
areas with the same Ry, as the BSP compounds 
are eluted, hydrolyzed and then chromatographed 
for amino acids. The compounds in control bile 
that yield these amino acids on acid hydrolysis 
can be removed, however, by passing them through 
3SP 
conjugates are not altered by this procedure. 


a Dowex-50 ion exchange column (2). 
Therefore, eluates containing BSP compounds 
are regularly passed through such a column be- 
fore hydrolysis and amino acid chromatography 
in this laboratory. Glycine and glutamic acid 
were regularly identified in all of the BSP con- 
jugates. The amounts of glycine and glutamic 
acid liberated by hydrolysis were not quantitated 


chemically. However, approximately one mole 
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of glycine and of glutamic acid were usually pres- 
ent for each mole of BSP, as estimated by paper 
chromatography. Alanine, which we consider to 
be cysteine minus its SH group, was also present 
in chromatograms of the BSP conjugates. Thus 
glycine, glutamic acid and cysteine were bound to 
BSP to form the BSP conjugates appearing in rat 
bile. These three amino acids compose the tri- 
peptide glutathione. 


fore, that BSP is conjugated in the liver of the rat 


It may be concluded, there- 


with glutathione, conjugation occurring through 
the sulfhydryl group of cysteine. We would also 
interpret our earlier finding of the presence of 
glycine, glutamic acid and alanine in hydrolysates 
of human BSP conjugates (2) as indicating 
that BSP is conjugated with glutathione in man. 
These conclusions are in essential agreeruent with 
the findings of Javitt, Grodsky and their respective 
Thus, Javitt, Wheeler, Baker 
Ramos, in a preliminary report, suggested that 


associates. and 
BSP is excreted as a glutathione conjugate in the 
dog (5). 


cluded that BSP is excreted at least in part as a 


Grodsky, Carbone and Fanska “con- 


mercaptide with cysteine or the peptide glutathi- 
one,” in man (4). These latter authors are not 
certain about the presence of glutathione, however, 
since they feel that glycine and glutamic acid are 
possible contaminants of the BSP metabolites. 

At least four distinct BSP bands can be sepa- 
rated by paper chromatography of rat bile (2). 
One band, BSP D, corresponds to free BSP. 
The other three, BSP A, BSP B and BSP C, are 
amino acid conjugates, with BSP A the major one. 
Our findings indicate that each of these latter 
bands contains BSP and glutathione. This im- 
plies that they are isomers with mobility in the 
solvent system differing with site of conjugation. 
We have no direct evidence for or against con- 
jugation of BSP with 2 moles of glutathione, al- 
though visual analysis of the quantity of amino 
acids on paper chromatograms suggests that only 
1 mole of glycine is present for each mole of BSP. 
The observation that BSP B and BSP C may yield 
more glycine than glutamic acid on hydrolysis 
suggests that these BSP bands may also contain 
breakdown products of BSP-glutathione such as 
BSP-cysteinyl glycine and BSP-cysteine. Quan- 
titatively, however, BSP-glutathione is the major 
conjugate found in rat bile. 

Our demonstration that glutathione is conju- 
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gated in thioether linkage with BSP may be con 
sidered as additional evidence for the view that 
glutathione is involved in the formation of mer- 
capturic acids (15). The glutathione thioether 
would then be split to a cysteine thioether by the 
action of glutathionase (16). In this regard, it 
is of interest that BSP has been found to be a 
potent inhibitor of glutathionase (17), an obser- 
vation which is consistent with our finding that 
BSP-glutathione is the major conjugate in rat 
bile. 

The present studies also provide additional in- 
formation about the structure of the BSP mole 
cule appearing in the BSP conjugates. The sul 
fonic acid groups do not appear to be removed 
or engaged in sulfur exchange. The hydroxy! 
groups, at least in the major BSP compound, 
BSP A, are not conjugated with sulfate and ear 
lier studies (1, 2) excluded glucuronide forma- 
remains intact. Sites 


tion. The lactone ring 


available for glutathione conjugation include, 
therefore, the positions occupied by the four bro- 
mine atoms, and the free positions on the two 
phenolic rings. Krebs and Brauer found that the 
ratio of bromine to sulfur in Compound III of the 
BSP A) was the 


same as that in free BSP (1), suggesting that glu 


rat (probably identical with 
tathione is conjugated at one of the free positions 
on the phenolic rings in BSP A. The determina- 
tion of bromine to sulfur ratios will be of impor- 
tance in elucidating the site of conjugation in the 


other BSP compounds. 


SUMMARY 


The three ninhydrin-positive sulfobromophtha- 
lein sodium (BSP) compounds appearing in rat 
bile have been shown to consist of BSP conju- 
gated with the amino acids cysteine, glycine and 
glutamic acid. These amino acids are the con- 
stituents of glutathione. Therefore, it is concluded 
that most of the BSP excreted in rat bile is BSP- 
glutathione. BSP A, the major BSP compound 
in rat bile, appears to be BSP-glutathione. BSP 
B and BSP C may consist of isomers of BSP- 


glutathione plus breakdown products of this com 


pound such as BSP-cysteinyl glycine and BSP- 


cysteine. Conjugation was shown to occur through 
the sulfhydryl group of cysteine with the formation 


of a thioether linkage. 


NEVA SUE STAKELUM 


REFERENCES 


and Brauer, R. W. Metabolism of sul- 
fobromophthalein sodium (BSP) in the rat. 
J. Physiol. 1958, 194, 37. 


Combes, B. The biliary 


Krebs, J. S., 


Amer 


excretion of sulfobromo 

phthalein sodium (BSP) in the rat as a conjugate 

of glycine and glutamic acid. J. clin. Invest. 1959, 
38, 1426 

Meltzer, J. L., Wheeler, H. O., and Cranston, W. I. 
Metabolism of sulfobromophthalein sodium (BSP) 
in dog and man. Proc. Soc. exp. Biol. (N. Y.) 
1959, 100, 174. 

Grodsky, G. M., Carbone, J. V., and Fanska, R 
Identification of metabolites of sulfobromophtha- 
lein. J. clin. Invest. 1959, 38, 1981 

Javitt, N. B., Wheeler, H. O., 


Intrahepatic 


Saker, K. J., and 


Ramos, 0. conjugation of brom 


sulphalein and glutathione (abstract). J. clin 
Invest. 1959, 38, 1015. 

Bauer, F. C., Jr., and Hirsch, E. F \ new method 

for the colorimetric determination of the total es 

terified fatty acids in human sera. Arch. Biochem 
1949, 20, 242 

Stadtman, E. R. The net enzymatic synthesis o 
acetyl coenzyme A. J. biol. Chem. 1952, 196, 535 

Stekol, J. A 
mercapturic acid in the urine of the dog. J. biol 

1936, 113, 279. 

Feigl, Fk Spot tests in Organic Analysis, 5th ed. 
New York, Elsevier Publishing, 1956 


Dent, C. E.. A study of the behaviour of some sixty 


I 
The determination of p-bromophenyl- 


Chem 


amino-acids and other ninhydrin-reacting — sub- 

stances on phenol-‘collidine’ filter-paper chromato 

grams, with notes as to the occurrence of some of 

them in biological fluids. Biochem. J. 1949, 43, 
169 

Datta, S. P., Dent, C. E., and Harris, H. ‘An ap- 
paratus for the simultaneous production of many 
two-dimensional chromatograms Science 
1950, 112, 621. 

Folin, O. On sulphate and sulphur determinations 
J. biol. Chem. 1906, 1, 131. 

Isselbacher, K. J., and McCarthy, E. A 

sulfate and other nonglucuronide con 
jugates of bilirubin. J. clin. Invest. 1959, 38, 645 

Block, R. J., and Weiss, K. W. Amino Acid Hand- 
book. Methods and Results of Protein Analysis 

Thomas, 1956 

and Wood, P. B Phe 


Formation of 


paper 


Studies on 


bilirubin 


Springfield, Ill., Charles ¢ 
Barnes, M. M., James, S. P., 
formation of mercapturic acids. I. 
mercapturic acid and the levels of glutathione in 
Biochem. J. 1959, 71, 680 
Bray, H. G., Franklin, T. J., and James, S. P. The 
formation of mercapturic acids. 2. The 
1959, 71, 690. 


tissues 


possible 
role of glutathionase. Biochem. J. 
Binkley, F., and Olson, C. K 


tathione lV 


Metabolism of glu- 
Activators and inhibitors of the 
Chem. 1951, 


hydrolysis of glutathione. J. biol 


188, 451 





EFFECTS OF HUMAN GROWTH 


By PHILIP H. HENNEMAN,?{ ANNE P. 


HORMONE IN MAN * 


FORBES, MARC MOLDAWER, ELEANOR 


F, DEMPSEY ann EVELYN L. CARROLL 


(From the 
Medicine, 


Vedical Service of the Massachusetts General Hospital and the Department of 
Harvard Medical School, Boston, Mass.) 


(Submitted for publication November 2, 1959; accepted April 7, 1960) 


Beck, McGarry, Dyrenfurth and Venning (1) 


first demonstrated activity of purified monkey and 


human pituitary growth extracts in man and this 
observation has been confirmed by Ikkos, Luft and 
Gemzell (2), Raben (3), Pearson, Lipsett, Green- 
berg and Ray (4), Henneman and Bergenstal and 
their co-workers (5,6) and others (7). Studies 
in man have employed pituitary growth extracts 
prepared by the methods of Raben (8), Wilhelmi, 
Fishman and Russell (9) and Li and Papkoff 
(10). 


cal data from 10 patients treated for 1 day to 24 


This paper summarizes balance and clini- 


months with the Raben preparation of human 
growth hormone (HGH). 


METHODS 
Pituitary glands were collected at autopsy,! stored in 


(8) .2 
The dry powder appeared to be stable at room tempera- 


cold acetone, and extracted by Dr. Maurice Raben 


* Supported by grants from the United States Public 
Health Service, The American Cancer Society and Ayerst 
Laboratories. 

+ Present addresses: P. H. Henneman, Seton Hall Col- 
M. Moldawer, Bay- 


lor Univ. School of Medicine, Houston, Tex.; E. L. 


lege of Medicine, Jersey City, N. J 
Car- 
roll, Research Inst. for Medicine and Chemistry, Cam- 
bridge, Mass. 

1 Appreciation is expressed for the cooperation of the 
Mas 
3righam, 
Newton- 
Island General 
Luke’s, 


Einstein, 


Pathology Departments of the following hospitals: 


sachusetts General, Beth Israel, Peter Bent 


Deaconess, and Boston City in Boston; the 
Wellesley in Newton, Mass.; the 
and Pawtucket Island; St. 
Mt. Sinai, Montefiore, Albert 


Roosevelt and Kings County in New York; and Presby- 


Rhode 
Memorial in Rhode 


Presbyterian, 


University 
and Jefferson Medical School in Philadelphia. The ef- 
Drs. Robert L. Neilsen, Stanley Wallach 
Roger Melick in collecting human pituitaries made pos- 


terian, University of Pennsylvania, Temple 


forts of and 
sible the extent of the studies herein reported. 

2 The experiments to be reported owe much to Dr. 
extract from human 
Beck and O. 
son who shared their experiences with common lots of 


Raben who prepared the growth 


pituitaries and to Drs. Raben, J. ¢ Pear- 


Raben extract prior to public presentation of results 


It was dissolved in 1.0 ml 0.1 N HCl per 100 mg 
(final pH of 3.5). The 
Such hydro- 


ture. 


dry powder solution, about 


solution was diluted with distilled water 


chloric acid solutions of HGH maintained their potency 


after refrigerator storage for at least 6 months. Intra 


muscular injections of these extracts were painful. Di- 


lution with equal parts of 1 to 2 per cent procaine-HCl 


did not decrease effectiveness but rendered the injec 


tion painless; such procaine-growth extract preparations 


precipitated and had to be resuspended by shaking be- 


fore use. Four lots of growth hormone were used in 


these studies but no differences between lots were noted. 


Ten patients were studied under complete balance 


conditions. General procedures were as previously de- 
(an, tz) that 


was permitted and water intake was measured 


scribed except free access to water 
Clinical 
data regarding the patients are presented in Table I. Com 
plete balance data on 7 patients are presented in Figures 1 
through 7; data from 2 other patients and the details of 
change in blood levels of carbohydrate and fat intermedi- 
ary metabolites are reported elsewhere (13). Balance 
data on M.A. during HGH administration confirmed the 
they are not presented because bizarre 


other studies; 


postcontrol data * suggested a systematic error limited to 
this phase of the study. 

The ratios (11) of nitrogen to phosphorus, sodium and 
potassium in normal muscle and of calcium to phosphorus 
in normal bone were used to calculate the theoretical bal 
ances of the HGH-treated patients 


RESULTS 


Linear growth. Table II shows that the growth 
rate was definitely stimulated in three patients on 
prolonged HGH therapy and was probably stimu- 
lated in two other patients treated for only one 
month. The fall in growth rate of S.M., D.Z. 
and J.C. 


to the conclusion that HGH stimulated growth. 


on stopping HGH adds further validity 


The growth rate of D.Z. and J.C. has tended to 


‘During 18 days postcontrol urinary nitrogen, phos- 
phorus, sodium and potassium failed to return to fore- 
control levels despite lack of other evidence for continu 


ing HGH 


growth, for weight change or for 


effect, for spontaneous resumption of normal 


undetected change in 


intake 


1223 
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AND CARROLL 


TABLE I 


Clinical data on patients 


Thyroid 
Status 


Chrono 


Patient logical age “‘Bone age"’ Height Weight 
in. lbs 


8.75 50 53 See across 


78 Normal 
109 Normal 


Adult 440 Normal 


6 : Normal 


Adult 


(Cachectic 


Adult Normal 


Normal 


Adult Normal 


Adult Normal 


* Dp 


orter-Silber chromagens, mg per 24 hours (14 
Reference 15. 
Jalance data reported elsewhere (13). 


I 
I 
I 


t 
+ 
i 
decrease with time on treatment over 21 to 24 
months. 

Nitrogen metabolism. Nitrogen retention was 
produced in all patients. Nitrogen retention was 
slight the first day of treatment with 0.2 to 10 mg 
HGH per day; it was maximal (4.5 to 8.0 g per 
day ) on the third to sixth days of therapy ; usually 
began to wane after 6 to 9 days and retention of 
40 to 60 g of nitrogen; and after 30 days’ treat- 
After 12 days 
off HGH, Patient B.D. once more responded to 


ment it was almost undetectable. 


HGH administration with marked nitrogen reten- 
tion. In general there was slightly greater nitro- 
gen excretion after growth hormone was discon- 
this 


“rebound” loss did not match the retention in de 


tinued than during fore-control, although 


gree or extent Nitrogen retention was least 


marked in S.G. (short stature, gonadal dysgene 
sis), F.D. (malignant melanoma with cachexia) 
and E.S. 


tention was produced by 0.1 mg HGH in S.M.; 


( Addison’s disease). No nitrogen re 


Urine 
17-OHCS* 


Adrenal status 


Water 
testT 


Other 


treatment Diagnosis 


1.6 Triiodo- 
thyronine 


Craniopharyngioma, 
hypopituitarism 


Craniopharyngioma, 
hypopituitarism 


Idiopathic hypopituitarism 
(since childhood 


| riiodo- 
thyronine 


4.5 Obesity 


1.0 Short stature, delayed bone 
age (? hypopituitarism 
(Cachectic Malignant melanoma 


1.7 17-KS=3.0 Short stature, gonadal 


dysgenesis 


Short stature, delayed bone 
age (? hypopituitarism 


\ddison’s disease 


Idiopathic hypopituitarism 
(onset age 60 


; normal range for adults, 2.0 to 7.5 mg per 24 hours 


some retention was produced by 0.2 mg HGH daily 
in D. Z., marked retention was produced by 2.5 
to 5.0 mg in S.M., M.A., M.C., B.D. and D.Z.; 
in $.G. and F.D. 10 mg HGH daily appeared to 
be more effective than were 2.5 and 5.0 mg, re- 
spectively. 
HGH. 
30 to 40 per cent during HGH administration in 
four patients, M.A., M.C., B.D. and D.Z. (all of 
whom showed marked nitrogen retention), and 


Nitrogen absorption was unaltered by 
Fasting blood urea nitrogen decreased 


failed to change significantly in Patients S.G. and 
E.S. little 
Fasting serum a-amino nitrogen was unaltered as 


(who showed nitrogen retention). 
compared with postcontrol values in S.M. and 
F.D. 


total creatinine during HGH in S.M. 


There was a suggestive decrease in urinary 


Phosphorus metabolism. Phosphorus retention 


on HGH was due primarily to decrease in urinary 


phosphorus and paralleled nitrogen retention. 


\bsorption of phosphorus was slightly improved 


on HGH. 


Total serum inorganic phosphorus 
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rABLE II 


Linear growth rate on human growth hormone* 


Average Rate of change of 
normal bone aget 
growth Rate of Rate of Rate of 
Hypopituitary rate for growth HGH therapy Dura growth on Before On growth off 
patient “bone age’’t before HGH Dose schedule tion HGH treatment treatment treatment 


cm/mo cm/mo mg mos cm/mo mos /mo cm/mo 
0.46 0.21 2.0 q.0.d. 9 0.35 0 0.05§ 
0.46 0.21 ; q.d. 0.50 0.13§ 
0.50 0.15 4 q.d. 


0.48 0.25 Zz: q.d. 
2 wks 
2 wks 
q.d. 


q.d. 
2 wks 
2 wks 


q.d. 
2 wks 
2 wks 


j.o.d. 
q.d. 

2 wks 
2 wks 


0.10§ 


q.d. 0.298 
2 wks on 
2 wks off 


* Growth rate before therapy was calculated over approximately two-year periods. The height measurements 
represent numerous determinations consistent with each value. 

t Reference 16. 

t Bone age evaluation depends upon size as well as shape of bones. HGH increases size of bones; these data are 
not adequate to predict whether HGH will accelerate the maturation and closure of epiphyses. 

§ Patients received cortisone, 10 to 25 mg daily, during these periods of observation. Such therapy by itself may 
further slow the slow rate of growth observed in most children with hypopituitarism (17). 


rose significantly in five patients and did not creased in six of seven patients so studied. The 
change in two patients (F.D. and S.G.) who simi- further retention of calcium following HGH was 


larly showed little nitrogen response. due to a decrease in urinary as well as in fecal 


Calcium metabolism. The changes in calcium calcium. It may be significant that increase in 
metabolism were unique. Calcium retention (0 to urinary calcium occurred in six of seven patients, 
400 mg per day) occurred in three patients (B.D., that B.D. and F.D., with mature skeletons, 
F.D. and D.Z.) during therapy; more marked showed calcium retention during HGH _ while 
and more persistent calcium retention occurred S.M., M.A. and D.Z., with open epiphyses, 
after stopping HGH in four patients (S.M., M.A., showed calcium retention more marked after HGH 
S.G. and D.Z.). Indeed, the calcium retention was stopped. 
which followed HGH did not wane within the Serum calcium rose slightly in one patient 
30, 18, 4, and 12 days of observation off HGH in (S.M.) and was unchanged in another (M.C.). 
Patients S.M., M.A., S.G. and D.Z., respectively. Serum alkaline phosphatase. Serum alkaline 
Fecal calcium decreased on HGH to approxi- phosphatase showed no consistent response dur 
mately the same extent that urinary calcium in- ing 6 to 36 days of HGH treatment 
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Errect oF HGH In S.M., A 14 YEAR OLD GIRI 
Presented are the balance data for nitrogen, phosphorus, 


Fic. 1A WITH HYPOPITUITARISM 


calcium and magnesium 
Che scales are in the same proportion as the proportions in which these constituents 
are found in most tissues (11). There is a heavy zero line for 
The intake is measured down from the zero line 
excretion are charted 


each substance. 
the urinary and then the fecal 
up from the intake line. Negative balance appears as a 


hatched area above the positive balance is represented by a clear 


zero baseline ; 
area below the 


zero baseline. An ancillary baseline representing the average bal- 
ance of the fore-control has been superimposed on the nitrogen balance data to fa 
cilitate comparison with the 


treatment and postcontrol periods 
ministered as follows 


HGH was ad- 
a single intramuscular injection of 1.0 mg on Day 13; after 
12 days a single injection of 0.1 mg; after 12 more days injections of 1.0 mg every 
3 days; and finally, daily injections of 1.0 mg and then of 5 mg. Lot 2 was used 
throughout the study 


tolerance tests (G.T.T.) 


The results of the five glucose 
presented elsewhere (13 The glucose for these tests was 
regular glucose ration for that day so that the total caloric 
stant \sterisks under the 


are 
withdrawn from the 


intake remained con 


“days” scale indicate vomitus or refusals, the 


for analysis of which were substracted from intake 
S.M.’s growth rate 


values 


became subnormal at 3 years of age. She underwent partial 
removal of a craniopharyngioma and pituitary at 7.5 years. At age 11, studies re 
vealed mild diabetes insipidus, a “bone f 8.75 years, urinary 17-ketosteroids 
mg per 24 hours, urinary hydroxycorticosteroids ( Porter-Silber chromagens ) 
1.6 mg per 24 hours, and a negative 
mouse units per 24 hours 
thyronine, 75 ug daily, one 
S.M. received 2 


age 
2 


O35 


test for urinary gonadotropins at 6.5 or more 
replacement therapy was changed to L-triiodo 
month prior to this study 


mg HGH (plus thyroid 120 mg and cortisone 
Tannate in Oil, 0.5 ml every 3 days) every other day from September 
1957 to April, 1958 when HGH was discontinued due to the development of nausea, 
vomiting, headache 


appearance of bitemporal hemianopsia and roentgen evidence 
of further destruction of the sella turcica 


Thyroid 


25 mg daily and 
Pitressit 


Following discontinuation of HGH these 
symptoms gradually disappeared and visual fields improved. As of March, 1960 


there has been no evidence of further growth of the craniopharyngioma 


1226 
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The theoretical weights in this and 


subsequent studies are based on the caloric discrepancy of the fore-control plus the 


(11) of 


weight equivalent 


on HGH. 


Potassium metabolism. HGH induced potas- 


sium retention in 10 subjects. The reduction in 
urinary potassium was usually maximal the first 
day * of treatment. Potassium retention was 
slightly greater than that predicted from the ni- 
trogen balance if the K: N ratio = 2.5 of normal 
(11) 


particularly marked the first day on HGH and it 


muscle is used. Potassium retention was 
waned on prolonged therapy, as did the nitrogen 
balance. Fecal potassium was also somewhat less 
during HGH. Urinary potassium was greater 
than predicted from the nitrogen excretion the 
first few days off HGH. 


less magnitude than the total retention during 


This “rebound” was of 


* However, hourly urinary potassium was not altered 
during the first eight hours after an injection of HGH 


in one subject. 


changes in nitrogen, potassium and sodium metabolism 


HGH, but was similar in magnitude to the re- 
tention the first two days on HGH. 

Sodium metabolism. Sodium retention regu- 
larly occurred on HGH; it was apparent the first 
day but usually was not maximal until the sec- 
ond or third day of treatment. More milliequiva- 
lents of sodium than of potassium were retained. 
Sodium retention waned on prolonged therapy. 
On stopping HGH, sodium excretion was in- 
creased and the negative sodium balance was equal 
to or less than the total sodium retained during 
treatment. HGH decreased urinary sodium ex- 
cretion in a patient with adrenal insufficiency 
(E37); 

Magnesium metabolism. Magnesium reten- 
tion occurred in four patients on HGH; magnes- 


ium balance was unaltered in three. Retention in 
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Variations in serum a-amino nitrogen and urinary 


creatine and a-amino nitrogen did not appear related to HGH administration in S.M. (and in M.A.). 


There may have been a decrease in urinary total 


of HGH. 


: 
each patient was due to a decrease in fecal ex- 
cretion. Serum magnesium was constant. 


Body 


except those (B.D., F.D. and S.G.) who were on 


weight. Weight increased in all patients 
calorically-inadequate diets 

In every experiment the actual weight during 
HGH therapy was less than the theoretical weight 
of the 
fore-control period plus changes in nitrogen, po- 


(11) (based on the caloric discrepancy * 
tassium and sodium balance). A discrepancy be- 
tween theoretical and actual weight appeared and 
increased rapidly during the initial phases of 

The caloric discrepancy represents the daily discrep- 


It 


is calculated on the assumptions that caloric expenditure 


ancy between caloric intake and caloric expenditure. 


is constant each day, that the degree of hydration is the 
same at the beginning and end of calculations, and that 
fat all 
counted for by the balances of nitrogen, sodium and po- 


gain or loss accounts for weight gain not ac- 


tassium. 


creatinine in S.M., particularly on the larger doses 


HGH 


change during postcontrol. 


did continue to 


If this discrepancy 


administration and not 
were due to a systematic error or to incorrect fac- 
tors in calculation, one would expect continued 
deviation of actual and theoretical weights through- 
out the postcontrol period. 


Basal metabolic rate. The basal metabolic rate, 


rABLE Ill 


Cumulative discrepancy between actual weight and theoretical 
weight on last day of HGH administration 


Duration of 
treatment 


Theoretical weight 


Patient actual weight 


days 
78 
30 
30 
42 
20 
12 


S.M. 
M.A. 
M.C. 
B.D 
S.G 


D.Z. 
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1230 HENNEMAN, FORBES, 
expressed as calories per hours, rose 20 to 25 per 
cent in the three patients (S.M., M.A. and M.C.) 
so studied. 
Appetite. Beck 


marked anorexia in the first patient treated with 


and associates (1) reported 


large doses of HGH. Mild loss of appetite was 


reported on direct questioning of each of our sub- 
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DEMPSEY AND CARROLL 
longed constant diets, it is probably more signifi- 
cant that our patients volunteered that they noted 
improvement in appetite when HGH was discon- 
tinued. The two patients on prolonged treatment 
noted mild anorexia on HGH as compared with 
appetite during two-week periods off HGH. 
Hormone 17-ketosteroid and 


assays, Urinary 











jects. Since loss of appetite is the rule on pro-  17-hydroxycorticosteroids, serum protein-bound 
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EFFECTS OF 


still adapting during the 13 days of fore 


negative balances 


the patient received 5 mg growth hormone at 6 a.m. 


she received 5 mg growth hormone at 6 p.m. 


fect the net effects of the hormone 
Lot 4 HGH for the remainder of the 
HC] to the 


on the phosphorus balance represents the 


per cent procaine 


from the nitrogen and calcium balances. 





HGH wn B. 
Despite a preceding period on the 800 calorie constant diet the patient was 
control as 


HGH was given as single 


study 
HGH did not decrease 
“theoretical” 
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shown by gradually diminishing 


daily injections at 6 a.m.; on Day 69 
and at 6 p.m.; on Days 70 and 71 


The time of administration did not af 


B.D. received Lot 3 HGH Days 12 through 27 and 


The addition of an equal volume of 2 


its effectiveness. The dotted line 
calculated 


phosphorus balance 
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Fic. 3B. PotasstuM AND SODIUM ACTUAL AND THEORETICAL 


WEIGHTS DURING HGH 


BALANCES, AND 
The dotted line on the K_ balance 
Note in par 


ADMINISTRATION TO B.D. 
represents the theoretical balance predicted from the nitrogen balance. 
ticular the unaccounted-for K retention on starting HGH and the unaccounted-for K 
loss on stopping HGH. Fasting serum levels of cholesterol, cholesterol esters, total 
fatty acids and phospholipids were unaltered by HGH in this patient. The actual 
weight falls below the theoretical weight and this discrepancy appears during HGH 
therapy and changes hardly at all when HGH is discontinued. 


iodine and radioiodine uptake were unaltered by painless. In no patient was a rash or any other 


sign of allergic reaction noted. 


HGH administration in three patients with hypo- 
pituitarism. Patient S.M. had mild diabetes in- 
sipidus ; her constantly dilute urine was not more 
concentrated during HGH administration. 
Reactions to human growth hormone. Patients 
complained of mild to moderate pain at the site 
of intramuscular injections of HGH dissolved in 
dilute HC1. 


2 per cent procaine-HCl rendered the injections 


Addition of an equal volume of 1 to 


Dr. Jacob LLer- 
man (18) found no significant levels of serum 
precipitins to HGH in two patients receiving pro 
longed therapy. 

S.M. 


the growth hormone injections subcutaneously as 


Route and time of injections. received 
well as intramuscularly without evident altera 
tion in response. The injections of HGH in B.D. 
were administered at 6 p.m. for three days; the 
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EASE. 
urements were made. 


response to evening injections was similar to that 
observed with early morning injections. 
DISCUSSION 

HGH was effective in ten patients. Linear 
growth was stimulated in three and probably 
stimulated in two other of the five patients with 
open epiphyses. Balance studies revealed reten- 
tion in all patients of nitrogen, phosphorus, so- 
dium, potassium and calcium in the proportions 
The most con- 
sistent and sensitive indices of response to HGH 


characteristic of muscle and bone. 


were the decreases in urinary nitrogen, sodium 
and potassium. Weight gain was less than that 
predicted (17) from the nitrogen, sodium and po- 
tassium balances. This discrepancy may reflect 
in part increased fat catabolism since metabolic 
rate rose and plasma free fatty acids (13) in- 


a 5 6 7 8 


, A 44 YEAR OLD WOMAN WITH ADDISON’S DIS- 
E.S. received a constant diet throughout the entire study. 


No fecal meas- 


Lot 4 HGH was used throughout this study. 


creased, The magnitude of the discrepancy also 
suggests that the ratio of constituents of normal 
tissues may not be applicable to hypopituitary pa- 
tients treated with HGH. 

From these studies it would appear that the 
effective dose of HGH in the human is more than 
0.1 mg per day, that the response to 5 to 10 mg per 
day is greater than it is to 0.2 to 2.5 mg per day, 
and that 5 to 10 mg daily produces more rapid 
nitrogen retention, at least initially, than is usu- 
Beck’s 


original study suggested that 10 to 80 mg per 


ally observed (19) in normal children. 


day of human or monkey growth hormone was 
excessive in that anorexia, oliguria and transient 
psychic changes resulted. A single injection of 
HGH may alter nitrogen excretion for up to 10 
days; after prolonged administration nitrogen re- 


tention ceases promptly on stopping HGH. There 
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does not appear to be “rebound” excretion of pro- body fat stores; in E.S., who had Addison’s dis 
toplasmic constituents to a degree comparable ease; and in $.G., whose short stature is an un- 
with the degree of retention during therapy. This explained part of gonadal dysgenesis and possibly 
suggests that one does not “ungrow” if growth is due to unresponsiveness to growth hormone. 
hormone stimulation ceases. By contrast, the These and other possible explanations for differ- 
nitrogen retained during testosterone therapy is ing responsiveness require further studies for 
usually lost as quickly as it is retained as soon confirmation. 
as therapy ceases. The decreasing effect of HGH on prolonged 
HGH was about equally effective in producing administration in man is recorded. It is likely 
nitrogen retention in intact as in hypopituitary that HGH initially stimulates rapid retention of 
patients. Smaller responses were observed in nitrogen and other constituents of tissues in a 
F.D., probably due to lack of dietary calories and — special, perhaps labile, form. Once this require- 
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measurable effect ; administration of 10 mg daily caused slight but definite nitrogen, 
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phosphorus, sodium and potassium retention and rise in urinary calcium. Lot 


HGH was used on Days 6 through 16; Lot 5 was used thereafter 
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THEORETICAL WEIGHTS DURING 


HGH aApMINISTRATION TO S.G. 


ment for growth is met, the rate of nitrogen re- 
tention falls to the low rate characteristic of nor- 
mally growing children (19). The observation 
in B.D. that a second course of HGH, following 
12 days off HGH, again produced very rapid ni- 
trogen retention is unexpected and suggests res- 
toration of some factor(s) when HGH was with- 
drawn which permits rapid nitrogen retention of 
brief duration. The phenomenon of early waning 
of nitrogen retention is probably unrelated to the 
“plateauing” of growth on more prolonged treat- 
ment as recorded in Table II and as reported 
previously in rats (20). Dr. Jacob Lerman was 
unable to demonstrate significant serum precipitins 
to HGH following treatment in two of the patients 
in this series (18). Restoration of responsiveness 
occurred in B.D. after 12 days off HGH; increas- 
ing or maintained resistance after two weeks 
would be expected if the mechanism of resistance 
were the formation of neutralizing antibodies. 
The waning responsiveness to HGH on _ pro- 


longed administration raises the possibility that 


endogenous growth hormone secretion may be 
cyclical and interrupted rather than continuous. 
The cement lines of bone are thought to reflect 
The 


opinion is commonly expressed, although unsup- 


such regular cyclical cessation of growth. 


ported, that normal children grow in spurts in- 
terrupted by phases of fat accumulation. 
Calcium retention was greater following rather 
than during HGH treatment. this 
that HGH absorption 


chondrogenesis but that osteogenesis and calcium 


Does mean 


facilitates calcium and 
deposition occur only during periods of little or 
no growth hormone secretion ? 


HGH 


parently reflects greater stimulation of calcium 


The hypercalci 
uria observed during administration ap- 
absorption than of calcium deposition (osteogene- 
sis). It has not been emphasized previously that 
growth hormone increases calcium absorption ; 
increased calcium absorption was prolonged and 
did not wane within the 12 to 18 days of ob 
servation after stopping HGH. 


In addition to potassium retention proportional 
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to and coincidental with nitrogen retention, there 
was observed additional potassium retention the 
first day on HGH and similar disproportional loss 
This 


phenomenon is reminiscent of the similar dispro- 


of potassium the first two days off HGH. 


portional loss and retention of potassium the first 
day on and the first day off ACTH, respectively 
(21). 


opposite in direction to the antianabolic effects of 


Since growth hormone has anabolic effects 


ACTH this unaccounted-for potassium may rep- 
resent a tissue or process uniquely affected, al- 
though in opposite directions, by the anabolic and 
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Batts, Bennett, Garcia 


and Stein (22) have demonstrated that a part of 


antianabolic hormones. 
the potassium retained on growth hormone is ac- 
counted for by a rise in concentration of potas- 
sium within muscle and that part of the sodium 
retained contributes to an expansion of extracel- 
It is of interest that HGH 
promotes a simultaneous decrease in urinary so 


lular fluid volume. 

dium and potassium. Some sodium retention was 
produced by HGH in E.S. (Addison’s disease). 
Since the degree and type (mineralocorticoid or 
glucocorticoid) of adrenocortical insufficiency may 
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trogen, phosphorus, sodium and potassium retention and rise in urinary calcium less 


marked than that produced by 5 mg daily 
14; Lot 2 HGH was used thereafter. 


Lot 4 HGH was used on Days 6 through 
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be incomplete in patients with spontaneous Ad- 
dison’s disease, such sodium retention may have 
been the consequence of HGH stimulation of al- 
dosterone secretion, as suggested by Beck and col- 
leagues (1) or may indicate a direct renal action 
of HGH itself. 

Prolonged HGH therapy in S.M. was attended 
by regrowth of a craniopharyngioma which ap- 
parently regressed on stopping HGH (see legend 
After 30 days’ HGH administra- 
tion M.A. developed evidence of third ventricle 


of Figure 1A). 


block which was attributed to further growth of 
her known craniopharyngioma, Further growth 
hormone therapy was withheld, a Torkildsen pro- 
cedure for relief of internal hydrocephalus was car- 
ried out by Dr. J. C. White, and the patient has 
since continued in apparent good health for 18 
months. Due to the irregular growth rate of 


craniopharyngiomas it is unclear whether HGH 


AND SODIUM BALANCES, 


15 18 2i 24 27 30 


HEIGHT, AND ACTUAI 


D.Z 


AND THEORETICAL 
ADMINISTRATION TO 


therapy really stimulated growth of these tumors. 
It is to be noted that partial removal of these tu- 
mors often inhibits their further significant growth. 
This effect might equally well be attributed to 
the hypopituitarism (and loss of growth hormone 
which follows pituitary 


secretion ) commonly 


surgery. 
SUMMARY 


Daily intramuscular injections of 0.2 to 10 mg 
daily of the Raben preparation of human growth 
hormone in 10 patients stimulated linear growth, 
produced retention of all cellular constituents meas- 
ured, increased calcium absorption, and probably 
mobilized fat. At the dose levels used the chemi 
cal response to human growth hormone waned 
after 3 to 4 weeks’ continuous treatment; respon 
siveness was restored by 12 days off growth hor 


mone. As used in this study the Raben prepara- 
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tion of human growth hormone was stable, well 


tolerated, apparently free of significant gonado- 


tropic, thyrotropic and adrenocorticotropic con- 


tamination, and did not stimulate precipitating or 


blocking antibodies. 
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In an accompanying paper (1) human growth 
hormone (HGH) was reported to have stimulated 
the rate of linear growth, produced retention of 
nitrogen, phosphorus, magnesium, calcium, so- 
dium and potassium, and perhaps increased the 
rate of fat mobilization in ten human subjects. 
This paper describes the response of blood and 
urinary levels of fat and carbohydrate intermediary 
metabolites in seven of these and in one infant with 
hyperinsulinism.' 

Some effects of HGH on carbohydrate and fat 
metabolism have already been published. Raben 
and Hollenberg (2) observed a prompt and sig- 
nificant rise in plasma free fatty acids (FFA). 
Beck, McGarry, Dyrenfurth and Venning (3) re- 
ported alterations in glucose tolerance in four of 
six patients and Ikkos, Luft and Gemzell (4) in 
two of two patients. Ikkos and associates also 
observed elevations in ketone bodies in three of 
four patients. The data to be reported in general 
confirm these observations and include the simul- 
taneous measurements of blood and urinary glu- 
cose, lactate, pyruvate, citrate, a-ketoglutarate, 
free fatty acids and ketones during short and long- 
term HGH therapy. 


MATERIAL AND METHODS 


The clinical features of the patients studied are re- 


ported elsewhere (1). The subjects include 5 patients 
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1 Studied through the courtesy of Dr. John Crigler, 
Medical Mass. A 


partial pancreatectomy completely alleviated the patient's 


address: Seton Hall College of Medicine, 


Children’s Center, Boston, second 


hypoglycemia. 


with hypopituitarism, 1 patient with obesity on an 800 
calorie diet and 1 patient with proven hyperinsulinism 
(5). All patients were studied under constant condi- 
tions. 

Blood levels of carbohydrate and fat intermediary me- 
tabolites were measured 4, 8 and 24 hours after injections 
of 1.0 to 10.0 mg of acid-soluble HGH (Raben).2. HGH 
was administered as a single intramuscular injection at 
6 am. (or beginning of “metabolic day’’) daily for 2 to 
36 days. 

The methods for measurement of blood and urinary 
glucose, lactic, pyruvic, a-ketoglutaric and citric acids, 
acetone and total ketones, and inorganic phosphorus have 
been reported previously (6). In addition, plasma FFA 
were measured by the method of Davis (7) as modified 
Cherkes (8) 
conducted according to the method of 
bright and Wells (9). 


by Gordon and Balance studies were 


Reifenstein, Al- 


RESULTS 


HGH (1) produced a decrease in blood urea 
nitrogen (BUN) and urinary nitrogen in 24 to 48 
hours which was not apparent within the first four 
With constant daily HGH 
injections, mtrogen retention increased for 3 to 


5 days, was maximal for 2 


hours after injection. 


weeks, and then de- 
creased to low levels in the fourth and fifth weeks 
of treatment. If HGH were discontinued for 12 
days and then resumed, nitrogen retention was 
again marked. Other constituents of protoplasm 
were retained in the relative concentrations char- 
acteristic of most tissues. 


Zecause of the multiphasic nature of the nitro 


gen response to HGH the measurements of in- 


termediary metabolites have been separated as 


follows: the early phase (4 hours to 3 days), as 


nitrogen retention is developing ; the second phase 
(3 to 15 days) during sustained maximal nitrogen 
were obtained with a 


* Similar procaine- 


This 


responses 
hydrochloride precipitate of HGH (Raben) (1). 


preparation of procaine was epinephrine-free 
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rABLE I 


Early effects of HGH on levels of plasma FFA, serum citrate and blood glucose* 


FFA, plasma 
Hours aiter HGH 


4 4 


0.94 0.78 


0.82t 
0.74 


0.69 0.69 


0.67 0.91 0.95 


0.65 


* All blood samples (from antecubital vein 
hours before the blood sample. M.C., J.C. and L.C 
800 calorie diet 
this early phase. 


Glucose, blood 
after HGH 


Citrate, serum 
Hours after HGH Hour 
1 4 4 24 


mg/100 ml me/100 ml 


41 64 


74 


were obtained after a 12 to 15 hour fast; HGH was administered 4 
. were hypopituitary patients, and B.D. was an obese subject on an 
Blood levels of pyruvate, lactate, ketones and a-ketoglutarate were not significantly altered during 


t This value may reflect a depression subsequent to the administration of cortisone two days before (10), 


t Value 72 hours after last dose of HGH. 


retention; and the third phase (15 to 36 days), 
as nitrogen retention declines to low levels. 
I. The early phase (4 hours to 3 days) 


1. Plasma FFA, 
FFA were increased 4 hours after each of several 


Fasting concentrations of 


injections of HGH in two patients with hypo- 
pituitarism and in the obese patient (Table I). 
Levels were elevated 8 to 12 hours after HGH in 
the infant (Table II). 
Levels were not elevated 24 hours after the first 


with hyperinsulinism 
dose of HGH, but were elevated 24 hours follow- 
ing the second dose of HGH in one of three sub- 
jects (Table I). 

2. Serum citric acid, Fasting concentrations of 
serum citric acid were definitely increased 4 to 8 
hours after HGH in 
Pe second course; B.D. following 5.0 mg 
HGH; and P.H; see Tables I and IT). 
were elevated 24 hours after HGH in four of five 


three of five observations 


Levels 
subjects. Concentrations fell below control in all 
patients upon discontinuing HGH (Tables I and 
I1) during this phase. 

3. Twenty-four hour urinary citrate, acetone 
and total ketones. 


citric acid in the five patients with hypopituitarism 


Control urinary excretion of 


was 283 mg per 24 hours, a level which is sig- 
nificantly less (p < 0.001) than normal (mean 
of normal subjects on constant diet was 480 mg; 
SE 28 mg). Daily urinary acetone and ketone 


levels were within normal limits during the con- 


TABLE II 
Effects of HGH on plasma FFA, serum citrate and blood 


glucose in an infant with hyperinsulinism* 


Hours 
after last Glu 
dose FF Citrate 


Day of 
treat 
ment 


cose 


HGH treatment 


mEq/I me/100 mg/100 

mi ml 

1.0 mg/12 hours 0 1.60 48 
for 6 days (Control AS 1.40 
1 2.83 


1.83 


2.5 mg/day 
for 6 davs 


Postcontrol 


* All samples were taken after a 4 to 8 hour fast. The 
patient was fed every 8 hours. Glucose levels were meas- 
ured every 3to4hours. Values listed for control represent 
mean of a 6 day period prior to HGH. Patient received 
HGH for 12 consecutive days and showed a significant 
increase above control in nitrogen retention during this 
period (5). 
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Urinary excretion of citrate, acetone 
(p < 0.01) 
during the first 24 hours after the injection of 1.0, 
2.5 or 5.0 mg of HGH in all patients studied ex- 


trol period. 
and ketones increased significantly 


cept the patient with obesity (Table III). In the 
patients with hypopituitarism, mean citrate ex- 
cretion rose from 283 (SE 20 mg) to 362 mg 
(SE 17 mg); mean acetone from 2.1 (SE 0.5 
mg) to 7.5 mg (SE 1.7 mg); and mean ketones 
from 15 (SE 3.3 mg) to 32 mg per 24 hours 
(SE 5.4 mg) 
ketone and citrate increased further with each 1 
mg injection of HGH administered every third 
day (Table III) ; the degree of rise in ketones was 
In the patient with 


In Patient S.M., urinary acetone, 


greater than that in citrate. 
obesity (B.D., Figure 1 and Table III) urinary 
citrate and ketones fell during the first 24 to 72 
hours of HGH administration. 


II, The second phase (3 to 15 days) 


1. Plasma FFA. Fasting levels of FFA (24 
hours after each injection of HGH) rose above 
control by the sixth day of HGH (2.5 mg) in the 
one patient with hypopituitarism so tested (M.C., 
Figure 2), were not increased on the sixth day 
but were on the fourteenth day of HGH (2.5 mg 


TABLE 
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per day) in the patient with obesity (B. D., Fig 
ure 1), and were elevated in the infant with hyper 
insulinism on the sixth, seventh, tenth and twelfth 
days of HGH (Table Il). Once elevated, FFA 
concentrations generally remained above control 
during the first two weeks of therapy (Figure 2, 
Table II). 

2. Serum and urinary citric acid. During the 
first two weeks of daily HGH treatment, fasting 
serum and/or urinary citrate rose in five patients 
(B.D., Figure 1; M.C., Figure 2; P.H., Table II; 
M.A., Table IV; and S.M., Table V). Serum 
levels were not elevated in one of the patients with 
hypopituitarism (M.A., Table IV) on the twelfth 
day of HGH administration at a time when nitro- 
gen retention was still marked; however, urinary 
citrate excretion on this day was 260 mg above 
control. 

In the obese patient, B.D., the initial fall in 
urinary citrate during Phase I of HGH was fol- 
lowed by a gradual rise to levels above control 
throughout the period of maximal nitrogen re- 
tention. Increasing the dose of HGH from 2.5 to 
5.0 mg produced a second transient decrease in 
citrate excretion to a low of 379 mg per 24 hours 


on the third day (Days 66 to 72, charted as two 


Ii 


Early effects of HGH on urinary metabolites* 


Acetone 
Day of treatment 


Dose HGH Control 1 2 3 


Patient 


meg/24 hrs 


M.C. 5 mg/day 4.0 a a 


1.7 0 69 


9.2 


S.M. mg/3 days 
mg/3 days 
mg/3 days 
mg/3 days 12.0 
5 mg/day ‘a : 9.1 
5 mg/day 


0.4 
0.9 


0.5 3.9 
6.0 


I 5 mg/day 
Il 5 mg/day 


B.D. 2.5 mg/day 12.0 ee 37:2c 258 


Ketones Citrate 


Day of treatment Day of treatment 


Control 1 2 3 Control 


me/24 hrs 
21.6 24.0 21.2 


0. 20.8 


4.7 


2 
45.. 
1 
6 


hi,9 37.8 
24.0 


16. 296 
24. 


58.0 34.3 320 20 


* All but B.D. were hypopituitary patients. B.D. was an obese subject on an 800 calorie diet. S.M. received single 
injections of 1 mg HGH every 3 days; values listed were obtained on the first, second and third days after each of these in- 
j g y 3 day 


jections. 


10 mg per day (2 days) ; postcontrol (3 days) ; and finally HGH 5 mg per day (1 day). 


pyruvate or lactate were observed. 


J.C. study was as follows: fore-control (3 days); HGH 5 mg per day (2 days); postcontrol (3 days 


; cortisone 


No significant changes in urinary 


ft Values, second control, immediately followed cortisone administration which would be expected to lower urinary 


citrate (10). 
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Fic. 1. Errects oF HGH purING CALORIC RESTRICTION OF AN OBESE PATIENT 


(B.D.). The patient was on an 800 calorie constant diet for 12 days prior to and 
during the entire study. Her initial weight was 440 pounds. All blood samples were 
obtained in the fasting state 24 hours after the last dose of HGH except on Days 66 
and 67 when blood samples were obtained 4 hours after HGH (values plotted sepa- 
rately). Urinary citrate, acetone and ketones were not measured on the days where 
Overlapping of lines in urinary ketones represents measure- 


no values are charted. 
Plasma unesterified fatty 


ments made on aliquots of different 3-day pools of urine. 


acids = free fatty acids (FFA). 


obesity). Levels remained above control and ab- 


3-day pools in Figure 1). Nitrogen retention at 
normally high during the first two weeks of HGH 


this time was considerably more than that ob- 
in this patient. 


served during the first course of 5 mg HGH per 
4. Glucose metabolism. Fasting concentrations 


day. 
of glucose progressively decreased in Patient M.C. 


Blood a-ketoglutaric acid. Fasting concen- 
increased in the patient with 


trations of a-ketoglutaric acid increased from (Figure 2) and 
0.12 to 0.47 mg per 100 ml by the sixth day of obesity (B.D., Figure 1). There was no sig- 
HGH (2.5 mg per day in B.D., the patient with nificant change on the twelfth day of treatment in 
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IV 


Effect of prolonged HGH therapy in hypopituitarism* 


Urinary excretion 


Venous blood levels 


Citrate Ketones 
; Glu Pyru . 
Treatment Duration cose vate Lactate Citrate Ketones Mean SE Mean SE 
days mg/100 ml mg/24 hrs 

Fore-control 12 60 1.4 rf 2.8 0.68 330 16.9 17.5 0.8 
HGH 12 69 1.7 8.0 2.9 0.44 531 5.4 19.3 3.3 

2.5 mg/day (Day 3-15) 
HGH 15 68 1.6 6.5 2.13 0.75 545 20.0 sie 1.0 


2.5 mg/day (Day 15-30) 


* Patient M.A.; fasting, 10 a.m. blood samples were drawn on last day of designated period, and 4 hours after daily 


administration of HGH. 
represent mean excretion during entire designated period. 
change. SE standard error of the mean. 


Patient M.A., but glucose tolerance was decreased 
at this time: 7) Control test: fasting, 60; 1 hour 
past glucose, 68; and 2 hours past glucose, 54 mg 
per 100 ml. 2) After 12 days of HGH: fasting, 
69; 1 hour past glucose, 123; and 2 hours past glu- 
cose, 105 mg per 100 ml. 


Cortisone, 10 mg daily, was administered throughout the study. 
Urinary levels of pyruvate and lactate showed no significant 


Values for urinary levels 


Due to caloric restriction, fore-control levels 
of plasma FFA (0.74 mEq per L), serum citrate 
(3.6 mg per 100 ml), urinary ketones (60 mg 
per 24 hours) and urinary citrate (555 mg per 
24 hours) were all abnormally elevated in B.D. 


prior to HGH. Urinary acetone and blood and 


5. Twenty-four hour urinary excretion of ke- urinary ketones fell to normal levels during ni- 
tones. During the period of maximal nitrogen trogen retention (Figure 1). 


retention, urinary ketones fluctuated but were 
generally above control in the three patients with 
In M.A. and S.M. (Tables IV 
and V) cortisone appeared to decrease the degree 
With- 


drawal of cortisone in S.M. was followed by an 


hypopituitarism. 
of ketonuria relative to the rise in citrate. 


increase in ketonuria (Table V ). 


TABLE 


III. The third phase (15 to 36 days) 


3y the end of the fourth week, daily administra- 
tion of HGH in the hypopituitary patients re- 
sulted in waning nitrogen retention (1) and simi- 
lar declines toward control in levels of plasma 
FFA, and serum and urinary citrate (Figures 1 


Vv 


Effects of prolonged HGH therapy in hypopituitarism* 


Urinary excretion 


Venous blood levels 


Citrate Ketones 
Glu Pyru - 
lreatment Duration cose vate Lactate Citrate Ketones Mean SE Mean SE 
lays mg/100 ml meg/24 hrs meg/24 hrs 
Fore-control 9 72 1.1 8.3 3.16 1.0 280 6.9 4.7 0.2 
HGH 1 mg/3 days 12 325 8.3 22 2 
HGH 1 mg/day 18 62 ie 5.4 3.42 0.5 349 8.5 35 5.3 
HGH 1 mg/day 2 343 11.3 13 1.7 
Cortisone 10 mg/day 
HGH 5 mg/day 12 380 25.9 17 1.7 
Cortisone 10 mg/day 
Cortisone 10 mg/day 18 65 0.9 5.7 1.20 224 13 tea 0.7 
Postcontrolt 1—6(a) 69 1.1 9.1 2:5 0.5 234 12.4 26.5 0.8 
7-12(b) 7.0 0.9 


atient S.M.; fasting a.m. blood levels were drawn on last day of designated periods, and 4 hours afte -dica- 
* Patient S.M.; fasting 10 blood level 1 last day of designated | 1 1 4 hours after medica 


tion, 
tate and pyruvate showed no significant change 


Urinary excretions represent mean of all observations of entire control or treatment period 


Urinary levels of lac- 





+ Postcontrol period with no treatment is divided into the first 6 days (a) and the second 6 days (b) for ketone values. 
No significant difference in other urinary metabolites was observed between the first and second 6 day postcontrol periods. 
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and 2) was 


B.D., 


accompanied by a decline 


waning nitrogen retention 
in plasma FFA and 
blood a-ketoglutaric acid (0.22 mg per 100 ml 
45 of study). and ke- 
tones were at or below control in B.D. during the 


on Day Urinary citrate 
fifth week of treatment. 

During the third and fourth weeks of therapy, 
concentrations of blood eae were be- 


S.M. (Table ) and M.C., 


falling toward ph eon levels 


fasting 
low control levels 

(Figure 2) and were 
in B.D. 


blood pyruvate 


(Figure 1). Fasting concentrations of 


vere increased (Figures 1, 2 and 
: 


3) while those of lactate were decreased (Figures 
2 and 3 and Tables IV and V) in four patients so 
studied. 

observed in 
patients with hypopituitarism. Data 
M.C. are Figure 3. In S.M., 
after 30 HGH, concentrations 
1 hour past glucose, 171; and 


198 mg per 100 ml. In 


Decreased glucose tolerance was 


the three 
from shown in 
days of glucose 
were: fasting, 62 
hours after glucose, 
mci me 
MTP OPT TR RIGM 

MoM 24HR 983 


GROWTH HORMONE 1 ™. 





PLASMA UNESTERIFIED FATTY ACIDS 


400 


“Z0Z 


: URINE CITRIC ACID 
BLOOD GLUCOSE 


BLOOD PYRUVIC ACID 
BLOOD LACTIC ACID 














Days O 
Fic. 2 
IN M.A 


nary 


HGH 


No measurements of 


EFFECTS OF PROLONGED ADMINISTRATION 


( HYPOPITUITARISM ) uri- 
made on the 


lactate 


citrate, acetone and ketones were days 


when no values are shown. Urinary and pyru- 


vate were determined throughout the study and showed 


no significant change. Blood samples were taken as in- 


dicated in legend for Figure 1. 
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Fic. 3. Errects of HGH ON RESPONSE TO GLUCOSE IN 
M.C. (HYPOPITUITARISM). 
mouth after a 


1 and 


Glucose (100 g) was ad- 


ministered by 15 hour fast. Blood sam- 


ples were taken before, 2 hours after the ingestion 


of the glucose. Open blocks represent fasting samples; 


solid blocks represent postglucose samples 
M.A., after 30 days of HGH, 
tions were actually lower than those observed af- 
ter 12 days of HGH: 1 hour after glu- 
cose, 100; 
100 ml. 
When HGH was discontinued 


glucose concentra- 


fasting, 68; 
and 2 hours past glucose, 86 mg per 
in the 
with hypopituitarism, urinary citrate and ketones 


fell to or below control (Figure 2 and Table 


patients 


DISCUSSION 


Human growth hormone in man produces con- 
sistent changes in serum and urinary citrate and 
ketones, plasma free fatty acids and glucose tol- 
erance. Elevations in plasma FFA and serum 
and urinary citrate generally preceded detectable 
changes in nitrogen metabolism. As suggested by 
studies in small animals (11) these changes may 
reflect primary fat mobilization which would in- 


crease the supply of two-carbon fragments for 








EFFECTS OF HUMAN GROWTH HORMONE 


subsequent disposal via the tricarboxylic acid cycle 
and thereby provide energy and substrate for 
subsequent protein synthesis. It is of special in- 
terest that B.D., an obese patient who was mobil- 
izing fat due to caloric restriction, demonstrated 
similar elevations in plasma FFA and serum and 
urinary citrate prior to HGH. 
ance data (1) suggest a one to three day delay in 
establishment of maximal nitrogen retention and 


The nitrogen bal- 


a waning of such maximal retention after three 
weeks’ continuous treatment. Changes in levels 
of blood and urinary metabolites showed similar 
time relations. Thus it appears that the early 
metabolic response to HGH may not be identical 
with the response to more prolonged administra- 
tion of the hormone. The relation of these changes 
to rate and magnitude of changes in various path- 
ways of cellular intermediary metabolism is un- 
certain at present. 


SUMMARY 


Administration of human growth hormone (Ra- 
ben) to five patients with hypopituitarism, one 
with hyperinsulinism, and one with obesity pro- 
duced alterations in blood levels of carbohydrate 
and fat metabolites which preceded marked de- 
tectable changes in protein metabolism by ap- 
proximately 24 hours. There was a prompt rise 
in plasma free fatty acids and blood and urinary 
citrate and ketones. 

Continued daily doses of human growth hor- 
mone produced marked nitrogen retention, glu- 
cose intolerance, a sustained rise in plasma free 
fatty acids and serum and urinary citrate, eleva- 
tions in blood pyruvate and a decrease in blood 
lactate. 
mone for more than two to three weeks resulted in 


Administration of human growth hor- 


gradual return of nitrogen excretion and blood 
and urinary metabolites toward control levels but 
continued glucose intolerance. 
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THE TOXIC EFFECTS OF CARBON DIOXIDE AND ACETAZOLAMIDE 


IN HEPATIC ENCEPHALOPATHY * 


By JEROME B. POSNER anp FRED PLUM 
(rom the Division of Neurology, Department of Medicine, University of Washington School 
of Medicine, Seattle, Wash.) 


(Submitted for publication November 2, 1959; accepted January 15, 1960) 


Striking alterations in respiratory gas and blood 
ammonia levels usually accompany hepatic coma. 
The arterial pH is elevated and the carbon di- 
oxide tension reduced (1). The blood ammonia 
level (2-4) is increased in many instances and the 
brain arteriovenous ammonia difference is high 
(5,6). The cerebral oxygen uptake is depressed 
(7,8). 

Whether the pronounced alkalosis which ac 
companies many instances of hepatic coma con- 
tributes to the encephalopathy is unknown.  Se- 
vere blood alkalosis impairs oxyhemoglobin dis 
sociation (9), lowers the arterial oxygen partial 
pressure and interferes with cerebral function in 
normal subjects (10). Alkalosis is reported to 
DB 
fects led Roberts and associates (14) as well as 
(13) 


enhance ammonia toxicity (11 These _ ef- 


others to suggest using carbon dioxide in- 
halation to treat hepatic coma. [’reliminary clini 
cal observations on our own services suggested 
that inhaled CO, worsened rather than improved 
patients with the encephalopathy of liver disease. 
Accordingly, detailed clinical and cerebral meta 
bolic studies were carried out to quantitate the ef- 
fects on brain function of raising blood and tissue 
CO, tensions. The results of the study are re 
blood 


oxygen uptake were measured at rest in control 


ported here. Cerebral flow and cerebral 
and cirrhotic patients and the results were corre- 
lated with the patients’ mental and somatic neuro- 
logical function. Following the baseline study, se- 
lected patients inhaled carbon dioxide and the clin- 
ical cerebral metabolic observations were repeated. 
Subsequently, to eliminate the undesirable side ef- 
fects of hyperpnea and dyspnea as contributing to 
the observed changes, similar observations were 


made before and after raising tissue CO, tensions 


by rapidly infusing acetazolamide (Diamox). 


* Aided by a grant (2B-5067) from the United States 


Public Health Service 


MATERIALS, PROCEDURE AND METHODS 


Vaterials 


\ total of 17 with hepatic cirrhosis diag 


nosed by the usual clinical and laboratory criteria were 


patients 


selected from the wards and clinics of the King County 
Hospital, Seattle. 
lacking cirrhosis or other diseases known to affect cere 


Eleven patients of comparable age, 


bral metabolism, served as “normal” controls Four 


noncirrhotic patients with old clinically-stable brain le 


sions (one with focal brain infarction, two with diffuse, 


moderate cerebral arteriosclerosis, and one with post 


hypoglycemic brain damage) served as controls for 


studying the effect of CO, inhalation on cerebral me- 


tabolism. One of these subjects and four additional sub- 


jects with cerebral arteriosclerosis served as _ controls 


when the effects of acetazolamide on hepatic encephalop 
studied. All 


careful mental and neurological examinations 


received 
The de 
graded 


athy were patients and controls 


gree of encephalopathy in the cirrhotics was 


from 0 to 4 using the following criteria 
Grade 0. The patients were fully alert and oriented 


They had intact recent memory and performed serial 


sevens or serial threes correctly and easily. The somatic 
neurological examination was normal rhe respiratory 
rate and depth appeared normal 

Grade 1 


Although recent 


The patients were fully alert and oriented 


memory was good, mental testing un- 


covered errors, e.g., date of admission to hospital. Serial 


sevens were mildly impaired. The somatic neurological 


examination was normal. The respiratory rate and depth 


appeared normal Since presumably normal persons 


from a similar age group and socioeconomic background 
frequently show this minimal impairment, Grade 1 was 
considered uncertain evidence for encephalopathy and 
was clinically classified with Grade 0 for metabolic analy 
Sis 

Grade 2. The patients were lethargic and mildly con 
were oriented correctly to person 


Serial 


fused Chey usually 


and place but incorrectly to time sevens were 


performed poorly. Most patients had arrhythmic lateral 


twitching of the extended fingers and some had the clas 


sic “metabolic flap” described by Adams and Foley (15) 


The respiratory rate and depth appeared normal 


Grade 3 The patients were frankly confused and 


intermittently somnolent. Disorientation was usually 


complete so that appropriate conversation was impossible 


The somatic neurological examination often elicited hy 
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co, AND 


peractive deep tendon reflexes, paratonic rigidity and ex- 

tensor plantar responses. A metabolic flap was invariably 

present. 
Grade 4. 


only to vigorous painful stimuli. 


The patients were comatose and responded 
They were obviously 


hyperventilating. 


Procedure 

All patients were taken to the laboratory in the early 
morning before breakfast. A mental and somatic neuro- 
logical examination was performed. Following this, no. 
18 needles 


jugular bulb (16), and a snugly fitting face mask was 


were inserted into the femoral artery and 


applied. The blood pressure and alveolar CQO, tension 
(Paco) were monitored. The patients rested for 20 min- 
utes or more while respiratory exchange and blood pres- 
sure stabilized. Cerebral blood flow using 15 per cent 
N.O, 21 per cent O., and 64 per cent N. 
mined 


was then deter- 
During the determination each patient was ob 
served repeatedly for variations in muscular tremor and 
resistance. At the end of this first procedure, all pa 


tients rested 10 to 15 minutes. Following this rest pe- 


riod, the effects of inhaled CQO. or infused acetazolamide 
were then studied in selected subjects. 

To determine the effects of inhaled CO., subjects were 
placed on 5 per cent CO, in air for approximately 20 
After 
this adaptation, the gas mixture was switched to 15 per 


minutes to develop a stable response to the gas. 


cent N.O, 5 per cent CO,, 21 per cent O, and 59 per cent 
N., and the cerebral blood flow was repeated, muscular 
tremor and resistance being watched closely throughout 
Detailed mental and neurological testing was repeated as 
soon as CQO, breathing terminated. 

To determine the effects of acetazolamide, 0.5 to 2 g 
of the drug was infused intravenously, several minutes 
being allowed for administration. Thirty minutes later 
the cerebral blood flow determination was repeated, with 
the mental and somatic neurological examination being 
repeated at the end of this second procedure. 


Vethods 


The cerebral blood flow was determined by Scheinberg 
modification (17) of Kety and Schmidt's 
(18). Slight variations improved the 
technique’s accuracy (19). 


and Stead’s 
original method 
The 10-minute samples were 
rate to 
(17) 


between 


machine-drawn at a constant assure more ac- 


curate integration. Calculations included arith- 


metical correction for dead space vessel and 
syringe (19). 

Blood was collected in heparin-washed syringes, im- 
taken 


drawing, the 


mediately capped and mercury-sealed. Care was 


to avoid air bubbles. Immediately after 


blood pH was determined at 37° C with a Beckman micro- 


electrode attached to a Cambridge model R pH meter. 


Each sample was repeatedly measured until duplicate 


agreement of 0.01 pH unit was achieved. The duplicate 


blood oxygen and carbon dioxide contents were meas- 


ured manometrically by Peters and Van Slyke’s method 


(20), and the arterial carbon dioxide tension ( Paco.) 
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was determined on the Singer and Hastings nomogram 
(21). from the Dill 
nomogram, 
pH (22). 


Kety and Schmidt’s method (18), 


Oxygen tension was estimated 


using Severinghaus’ correction factors for 
The blood nitrous oxide was measured by 
each sample being re 
peated until duplicate agreement of 0.02 volume per cent 
was determined by 


was achieved. The blood ammonia 


Seligson and Hirahara’s method (23) and the mean of 


the two closest of three determinations was the figure 
chosen. 


The blood 
from the femoral artery through a Statham transducer 


arterial pressure was recorded directly 


and a Sanborn strain gage amplifier. The expired car- 


bon dioxide was monitored by an infrared analyzer 
( Liston-Becker), gas samples being drawn continuously 


through a needle in the patient's mask 


RESULTS 
Normal values 


Table I lists the mean respiratory gas and cere- 
bral metabolic values of eleven “normal” control 
patients. The mean arterial blood pH (7.42) and 
Paco, (38 mm Hg) were similar to the values of 
(22).| The 


blood flow (CBF, 53 ml per 100 g per minute), 


other investigators mean cerebral 
arteriovenous oxygen difference (A-V, 6.6 vol- 
umes per cent) and cerebral metabolic rate for 


oxygen (CMRo,, 3.4 cc per 100 g per minute) 


were virtually identical with Kety and Schmidt's 


data on normal subjects (18) but significantly 
(iF ),. “26 
check our methods, each of three patients with 


lower than Scheinberg and Stead’s 


static central nervous system disease had cerebral 
blood flows determined on two different days. 
The CBF and A-Vo, differences varied consider- 
CMRo 
showed a standard deviation of 0.182, a value simi 
lar to Kety and Schmidt's 0.187. 


ably between determinations, but the 


Cerebral metabolism in cirrhosis 


Blood pH, 
terial pH levels from cirrhotic patients in Grades 
0 to 4. 


vidual pH values accompanying different grades 


Table I and Figure 1 show the ar- 
There was overlapping between indi- 


of encephalopathy although patients with moderate 
and severe encephalopathy had higher mean pH 
determinations than did patients graded 0 to 2. 
All but one of the patients without encephalop 
athy were alkalotic (mean pH 7.48), although 
was absent. 


clinically evident hyperventilation 


Most Grade 3 patients had higher arterial blood 
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Cerebral metabolism in cirrhosis 


Art. Oo Est. Po 


Sat, % mm Hg 
95.242 89 


Mean, 11 normals 7.42+0.03 


Grade 0 

V.McL. 42¢ 
M.R 199) 
G.B 508 


Grade 1 
L.A 


E.deS 


PW 


92.9 
87.0 
91 5 


417 ¢ 
B80 
1 
90,0 +2.5 


Mean, Grade 0-1 §+0.03 


Grade 2 


~ 


“Iss sass 


H.D. 59 
r.] 


Mean, Grade 2 


339 


Gradk 


ne oD 
owh 


—MmuU 


wn 


1 
a” 


Mean, Grade 3 


Grade 4 

G.R : 3 90.4 
93.3 
92.3 


B.I 
B.I 


Mean, (¢ 57+0.05 92. 0+2.6 


erebral blood flow 


‘erebral metabolic rate for oxygen 


pH values (mean 7.55) than did those in Grades 
0, 1 or 2, although only one Grade 3 patient showed 
Soth of the 


Grade 4 patients (one patient studied twice) had 


clinically evident hyperventilation. 


an arterial pH above 7.52, and both were hyper- 
ventilating clinically 
Cerebral oxygen uptake. Table I and Figure 1 


CMRo 


There was a consistent trend toward decreasing 


show values from cirrhotic patients. 


Cerebral A-Vo CBF* CM Roost 


Pacoe 


vol % 


6.6141.09 


mi /100 g/min ce 
53+8 


100 g/min 
3.4+0.6 


mm Hg 
3845 


6.85 7 
6.31 5 
6.54 5: 3.6 


5.86+0.75 3.4+0.6 


7.54 43 
6.76 43 
5.47 51 
4.67 51 
6.63 45 
5.05 59 
6.19 50 
6.97 36 
5.20 48 


NWN WWHNNN Ww 
OF OoOornm 


mime © 


6.05+0.93 47+6 


NN Uw 


mh ho bo bo 
CANN 


2.0+0.4 
p= <0.01 


6.15 1.8 
8.05 20 1.¢ 
7.38 18 a 


1.6+0.2 
p= <0.1>0.05 


7.19+1.37 2245 


cerebral oxygen uptake as encephalopathy wors- 
ened. Patients without definite encephalopathy 
(Grades 0 and 1) had normal cerebral blood flow 
and oxygen uptake (mean 3.4 ce per 100 g per 
Patients with moderate encephalopathy 
(p= < 0.01) 
ce per 100 g per 


minute ). 

(Grade 2) showed a significant 
CMRo, depression (mean 2.8 
minute). The lowered cerebral oxygen uptake 


was reflected in some Grade 2 subjects by reduced 
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CEREBRAL OXYGEN UPTAKE 


TIENTS WITH HEPATIC 
CBF and in others by reduced A—Vo, differences. 
All Grade 3 patients had reduced CBF; in none 
was the cerebral A—Vo, difference raised above 
normal to compensate for the reduction in flow, 
and all had reduced CMRo, values (mean 2.0 cc 
per 100 g per minute). The lowest CBF’s 
found in the two comatose patients (Grade 4). 


were 


A-Vo, differences were mildly increased but not 
sufficiently to compensate for the strikingly re- 
duced blood flow, and CMRo, was decreased be- 
low 2.0 cc per 100 g per minute (mean 1.6 cc) in 
each determination. 


Effect of carbon dioxide inhalation 


Clinical response. One cirrhotic and four Grade 
Q patients and four noncirrhotic subjects with 
static brain lesions showed no mental or neuro- 
logical alterations after inhaling 5 per cent CO, 
for 30 minutes. By contrast, five of the eight cir- 
rhotic patients (one patient was studied twice) 
with encephalopathy became clinically worse dur- 
ing and shortly after inhaling 5 per cent CO,. 
They showed increased confusion, disorientation 
and dysarthria, as well as intensified amplitude 
and frequency of muscular tremor. The mental 
and neurological deterioration was transient (30 
to 120 minutes) in four, but the fifth (L.J.) pro- 
gressed into coma and died 72 hours later. Para- 


doxically, L.J. was the only one of the five patients 


ARTERIAL 


4 Grade 3 











rade 4 | 


AND ARTERIAL PH VALUES FOR PA- 


ENCEPHALOPATHY, GRADED 0—4 


whose clinical deterioration during the second 
blood flow determination was unaccompanied by 
a reduced cerebral oxygen uptake. 

Metabolic effects. 
rhotics without encephalopathy to CO, inhalation 


Since the response of cir 


was similar to that of the controls, data in these 
groups are summarized together in Table II. 
Table III lists the cerebral metabolic responses of 
patients with hepatic encephalopathy. Figure 2 
compares the CMRo, responses in the two groups. 

The arterial pH fell and the Pago, rose in 
These pH 


and Paco, changes were greater when the pa- 


every patient during CO, inhalation. 


tient had encephalopathy, indicating a lesser ven- 
tilatory response to CO,. Carbon dioxide inhala- 
tion evoked a 33 per cent mean CBF increase 
among noncirrhotic controls and a 46 per cent 
CBF Each 
group had several subjects in whom CBF did not 


mean increase among. cirrhotics. 


increase significantly. These changes are con- 


siderably lower than are normal responses of the 


cerebral circulation to increased CO, (18) and 


were to be expected among the controls, three of 


whom were selected because of arteriosclerotic 


brain damage. The diminished circulatory re 
sponse of cirrhotics was unexpected, but may, in 
part, also be explained by arteriosclerosis, since 


their mean age was 56 years. In any case, the 


mean CBF response was roughly comparable be 
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II 


Cerebral metabolic changes following CO, inhalation in controls and patients without encephalopathy 


Cerebral 
\-Voe 


Air COs 


Controls 

G.S 59 ¢ 
\ Q. 68 
\.H. 68c 
O.M 57a" 


~sIstsds 


Cirrhotics 


G.B 500 
V.McL. 42 
A.A. 47 
E.dS 580 


mg mg ag ag 
“Iss <7 
1b if 
=e 


Mean 


tween the controls and cirrhotics without en- 
cephalopathy listed together in Table II, and the 
subjects with hepatic encephalopathy listed in 
Table ITI. 

Carbon dioxide inhalation failed to affect the 
cerebral oxygen uptake significantly either in con- 
trols or in those cirrhotics who lacked encephalop- 
athy. The mean resting CMRo, of controls and 
subjects without encephalopathy was 3.1 cc per 100 


g per minute, and during CO, breathing this 


PABLI 


Cerebral metabolic changes following 


Cerebral 


Grade 2 


* Clinically deteriorated with CO, 


ue/100 g/min 


1.83-1.68 


mean value rose insignificantly to 3.2 cc per 100 g 


per minute. Only 
CMRo, more than 0.1 cc per 100 g per minute 


one subject decreased his 

The cerebral metabolic response to inhaled CO 
was quite different in patients with hepatic en- 
cephalopathy: six of the eight tested patients 
showed significant CMR o, reductions during CO 
Thus, the mean resting CMRo, of 


patients having hepatic encephalopathy was 2.3 


breathing. 


cc per 100 g per minute, and this mean value fell 


COz inhalation in patients with hepatic encephalopathy 


2.40-1.63 
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TABLE IV 


Change in cerebral metabolism after acetazolamide in control patients 


Cerebral 
. pH A-Vo2 CBF CMRo: CMRNHs3; 


Name, Acetazolamide 3 
Age, Sex dose Acet. Rest Acet. Rest Acet. Rest Acet. Rest Acet 


vol % ml/ 100 ug ue/100 ml/min 
g/min 
5.49 3.00 46 = 80 és : 
6.74 3.01 43 101 : 3. ‘ OE A 10.3 
6.08 3.46 38 74 “a me ; : ; 11.8 
8.15 3.91 34 78 . 3. ; : & 5.78 
$93 -3A3 50 77 3. i : zi 15.50 


Aw 
— Oos~) 
i) 


AAAAA 


Sn 
ete nn 
READ 


Ue On 
wm Co 


nus 
Ns 


cow 


Mean 


* Values calculated for patients receiving 2 g acetazolamide. 


significantly (p= <0.01) to 1.8 ce per 100 g lasted from 6 to 24 hours. No permanent sequelae 


per minute during CO, breathing; only two of were observed. 
these eight patients with encephalopathy decreased Cerebral oxygen uptake. Table IV_ presents 
their CMRo, less than 0.3 cc per 100 g per minute. the metabolic changes which followed acetazola- 
Cerebral ammonia uptake. Four patients had mide injection in controls, and Table V presents 
arterial and venous ammonia levels measured these changes in subjects with hepatic encephalop- 
while CO, responses were being determined athy. Figure 3 compares the CMRo, responses 
(Tables II and III). All showed decreased ar- between the two groups. Every subject, both 
terial ammonia levels and decreased cerebral am- control and cirrhotic, exhibited an arterial pH fall 
monia uptakes (CMRyy,) during the carbon di- after acetazolamide. Five hundred mg, or 1 g 
oxide inhalation. Two of the four patients had dosages evoked no blood pressure response, but 
a decreased CMRo, concomitant with the de- when 2 g acetazolamide was administered, both 
creased ammonia uptake. control and cirrhotic subjects consistently de- 
veloped a blood pressure rise (mean 20 mm Hg). 
Effect of acetazolamide infusions Every patient, whether a control or cirrhotic, in 


Clinical response. No clinical change was ob- creased his cerebral blood flow considerably when 


served during the metabolic testing period in any 
of the noncirrhotic controls receiving acetazola- aii 
mide. Later, starting 2 hours after the procedure 
and persisting for approximately 12 hours, one 
control patient (H.D.) developed drowsiness, 
nausea and facial paresthesias. Two cirrhotic pa- 
tients receiving acetazolamide, 0.5 to 1 g showed 
no clinical change during or after the procedure. 

Five patients ' with hepatic encephalopathy de- 
teriorated neurologically when given 2 g aceta- 
zolamide. Starting 20 to 30 minutes after the in- 


CMRO2 cc /IOOgm/min 


jection their lethargy, confusion and disorientation 
worsened, their dysarthria progressed and _ their 





ttabolic-type tremor increased in frequency anc 
metabolic-type tremor increased in frequency and - — wis Sl 


amplitude. The changes, whose degree was alarm- CONTROLS AND CIRRHOTICS GRADES  CIRRHOTICS GRADES 
Oat 2,3,84 





ing in one subject (T.H.), were temporary and 
Fig. 2. CEREBRAL OXYGEN UPTAKE IN LIVER DISEASE 


1Qne patient (M.S., with hepatitis) was examined PATIENTS AT REST (BREATHING AIR) AND DURING 5 PER 
clinically only and is not included in the metabolic data. CENT CARBON DIOXIDE INHALATION. 
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had arterial and venous ammonia levels measured 
while acetazolamide effects (Tables IV and V) 
wére being determined. Neither the arterial blood 


a 


as ammonia level nor the cerebral ammonia uptake 


~ 


~ 


—“ 
ws 4, . . . . 
4 showed any changes correlating with the clinical 
a or metabolic response to acetazolamide. Thus, 
Me arterial ammonias either decreased or stayed the 


same while cerebral ammonia uptake (CMRyuz,) 
increased in some subjects and decreased in others. 
Rest Acetazolomide 
as ait DISCUSSION 
lic. 3. CEREBRAL OXYGEN CONSUMPTION AT REST AND 

FOLLOWING 2 G ACETAZOLAMIDE, INTRAVENOUSLY, IN CON- Correlation of cerebral metabolism and encepha- 
TROLS AND CIRRHOTICS WITH GRADE 2 ENCEPHALOPATHY. Jlopathy., Our data are consistent with those of 
Kety (24) and Lassen (25), and show that, in 

given either 1 or 2 g acetazolamide. The cerebral metabolic encephalopathy, when psychological and 
oxygen uptake (CMRo,) of control subjects somatic neurological abnormalities develop, they 
showed no significant (p = > 0.8) mean change are accompanied by measurably impaired cerebral 
following acetazolamide in either 1 or 2 g amounts. metabolism. Although there was some overlap 
Similarly, the cerebral oxygen uptake of patients between individual cases, the clinical estimate of 
with hepatic encephalopathy was unaltered when _ the grade of encephalopathy and the mean CMRo 
only 0.5 or 1 g of acetazolamide was given. How- reduction correlated directly and quantitatively. 
ever, when the infused acetazolamide dosage was Thus, cirrhotic patients graded 0 or 1 (no clini- 
raised to 2 g (the dose required to raise blood cal encephalopathy) had no cerebral oxygenation 
pressure), every patient with hepatic encephalop- depression, Grades 2 and 3 had mean oxygen up 
athy showed a significant (p= < 0.02 >0.01) _ takes of 2.9 cc and 2.0 ce per 100 g brain per min- 
CMRo drop, the smallest decline being 0.5 cc per ute, respectively, and the two Grade 4 (comatose ) 
100 g per minute. patients had brain oxygen consumptions less than 
Cerebral ammonia uptake. Four controls and 2.0 cc per 100 g per minute. The data differ from 
all of the subjects with hepatic encephalopathy the observation of Fazekas and associates (8) that 


TABLE V 


Change in cerebral metabolism after acetazolamide in patients with encephalopathy 


Cerebral 


A-Voz CBF CMRo 
Rest Acet Rest Acet. Rest Acet. 
ml/100 100 
min g, min 
Grade 4 
B.F. 


Grade 2 


i. 
ad « 


Grades 2-3 


'.H. 
cL. 
H.D. 
M.P. 


Me an 


* Values calculated for patients receiving 2 g acetazolamide. 
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mentally alert cirrhotic patients show depressed 
oxygen consumptions with a mean of 2.3 cc per 
100 g per minute. 
patients among those classified as “alert” (26), no 


Unless they included Group 2 


explanation for Fazekas’ unique experience is 
forthcoming. Although our Group 4 sample is 
small, our data also fail to confirm Fazekas’ find- 
ing that comatose patients showed a CMRo, no 
lower than still-conscious subjects. 

Relationship of encephalopathy, arterial blood 
pH and respiratory gases. 
is one of the most consistent biochemical accom- 


Respiratory alkalosis 


paniments of severe liver dise:. ¢ and few of the 
present subjects lacked this change, whether or 
Vana- 
mee and associates (1) reported that 25 out of 29 


not they showed neurological impairment. 


patients with hepatic encephalopathy were alka- 
lotic, and others (4, 27) have observed similar 
findings. If frankly acidotic patients (those with 
renal failure) are omitted from the data of the 
Vanamee group, the mean blood pH rose pro- 
gressively as encephalopathy increased. Tyor 
and Sieker (4), although confirming the near- 
ubiquity of arterial blood alkalosis, noted less cor- 
relation between the absolute pH level and the de- 
gree of encephalopathy. However, Tyor and 
Sieker did find in individual cases that the arterial 
pH rose as encephalopathy progressed. Robin, 
Whaley, Crump and Travis (27) noted no corre- 
lation between arterial hypocapnia and state of 
consciousness. Our own data correspond more 
with Vanamee’s, since the mean arterial blood pH 
rose as encephalopathy progressed from Grade 0 
to Grade 4. Despite the pH rise, hyperventilation 
was evident clinically only when neurological 
changes were pronounced (Grades 3, 4). 
Arterial Paco, levels were depressed commen- 
surately with the degree of alkalosis, being lowest 
among comatose subjects. Alkalosis and hypocap- 
nia reduce cerebral blood flow (10) and impair 
alertness and equilibrium in the hyperventilation 
syndrome (28). Reduction of Paco, comparable 
with that seen in hepatic encephalopathy pro- 
duces electroencephalographic (EEG) abnormal- 
ities in animals (29), indicating cerebral dysfunc- 
tion. Despite the evidence that hypocapnia some- 
times is deleterious, it seems doubtful that low 
blood carbon dioxide levels contribute importantly 


to hepatic encephalopathy. Hyperventilation dur- 
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ing routine adult human EEG recordifigs seldom 
produces marked slowing unless epilepsy or hy- 
poglycemia (30) is present. Some cirrhotic pa- 
tients with intact mentation and cerebral metabo- 
lism show just as much hypocapnia as do others 
in coma (Table I) (1, 4). 
kalosis comparable with that of liver disease failed 
Kety 


Finally, revers- 


Hyperventilation al- 


to depress cerebral metabolism in and 
Schmidt’s normal subjects (10). 
ing hypocapnia with CO, therapy in the present 
study failed to ameliorate either the clinical or the 
metabolic manifestations of encephalopathy. 


The arterial oxygen desaturation which accom- 


panies all grades of hepatic encephalopathy (Table 


I) is usually modest. However, because of the 
respiratory alkalosis of advanced cirrhosis, the 
resultant Pao, is considerably lower at any given 
oxygen saturation than would be the case if pH 
were normal (9). Asa result, several cirrhotics 


in the present study showed alarmingly low 


Pao, values. Although this depression of avail- 
able oxygen may be an unfavorable influence in 
hepatic encephalopathy, it is an unlikely cause for 
the condition, since no correlation was observed 
by either ourselves or others (4) between mean 
Pao, and depth of coma. The low values do sug- 
gest that oxygen therapy might be a useful ad- 
junct to treating seriously ill patients with liver 
disease. 

The mechanism of alkalosis in liver disease. 
The alkalosis of severe liver disease is clearly due 
to relative overbreathing, although the hyperven- 
tilation usually remains moderate and clinically 
unapparent until severe encephalopathy develops. 
The moderate anoxemia which often accompanies 
cirrhosis (4, 31, 32) is insufficient to account for 
the hyperpnea (33). Peripheral reflexes from 
the lungs stimulating the respiration (34) have 
not been examined. Lacking evidence for other 
mechanisms, most workers who have studied the 
problem (11, 32, 35) speculate that the hyper- 
ventilation of cirrhosis arises centrally, presum- 
ably from biochemical stimulation of respiratory 
center neurons. 

Examples of central hyperventilation in other 
diseases exist, although the respiratory changes are 
rare in the absence of other manifestations of neu- 
rological impairment. Thus, when hyperpnea de- 


velops in metabolic acidosis, consciousness is usu- 
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ally impaifed. Similarly, the hyperventilation 
which is seen with medial pontine tegmental le- 
sions in man is accompanied by profound neuro- 
logical 
(36). 
encephalopathy 


dysfunction in nonrespiratory spheres 
The clinical picture of severe metabolic 
with coma, muscular rigidity, 
fixed extraocular movements and sustained evi- 
dent hyperpnea closely resembles the signs and 
symptoms which follow medial pontine infarction. 
However, hyperpnea is seen in patients with liver 
cirrhosis long before any other sign of presumed 
This that 


either brain stem respiratory-controlling neurons 


neurological dysfunction. suggests 
have an extraordinary susceptibility to the meta- 
bolic dysfunction of liver disease or that peripheral 
stimulating mechanisms need closer study than 
they have heretofore received. 

If hyperventilation in liver disease does have a 
central origin, the biochemical process that either 
stimulates facilitatory neurons or blocks normally 
inhibitory respiratory nerve cells is presently un- 
known. 
(11), Sherlock 


sidered raised blood ammonia to cause hyperven- 


Roberts, Thompson, Poppell and Vana- 
| PI 


mee (35) and others have con- 
stimulating the 
this 


There are reports that 


tilation, presumably by directly 


respiratory centers. [Evidence to support 
supposition is conflicting. 
ammonia infusions in 


hyperventilation follows 


dogs (11), mice (14) and men (37). However, 
another carefuly controlled and detailed human 
experiment (38) showed no significant arterial 
blood pH change during ammonia infusions that 
produced arterial blood ammonia levels exceeding 
500 pg per 100 ml. 


rectly into dogs’ carotid arteries produced only 


Ammonium salts infused di- 


slight and transient arterial blood pH elevations 
(39). These observations plus the lack of cor- 


blood 
either pH (4) or minute ventilation (32) reduce 


relation between arterial ammonia, and 


the likelihood that ammonia, per se, contributes 
significantly to hyperventilation in severe liver 
disease. 

Another mechanism to produce central hyper- 
ventilation would be through presently unknown 
acid metabolites accumulating intracellularly in 
the brain stem respiratory centers. Advanced 
liver disease probably disrupts the Krebs cycle, 
since increased levels of pyruvate and glutamate 


have been found in the cerebrospinal fluid (40, 


B. POSNER 


AND FRED PLUM 


41). 


would be compensatory and protective if caused 


Hyperventilation and extracellular alkalosis 


by intracellular acidity of central respiratory neu- 
rons. Unfortunately, no present methods exist 
to explore this speculation in man. 

The toxicity of carbon dioxide. Carbon dioxide 
inhalation clearly harmed cirrhotic patients with 
encephalopathy, producing both clinical deteriora- 
tion and a decreased CMRo,. The deterioration 
could not be attributed to rising ammonia levels 
since both arterial ammonia levels and cerebral 
ammonia uptakes fell during CO, breathing in all 
instances presented here. (More extensive data 
are presented elsewhere indicating that in nor- 
mal subjects as well as in cirrhotics, respiratory 
alkalosis raises blood ammonia while CO, breath- 
ing lowers it (42). Moreover, reducing the blood 
pH decreases the partial pressure of gaseous, dif- 
fusible ammonia (14, 43), and this alone should 
lessen the brain uptake.) Also, the deterioration 
could not be attributed to deleterious effects re- 
sulting from the muscular efforts of CO,-induced 
without 


CO, ten 


hyperpnea, since similar deterioration 


hyperpnea followed increasing tissue 
sions with acetazolamide. 
Carbon dioxide is a toxic gas, although concen- 
trations higher than those employed here usually 
are required for toxic effect. Inhaling 10 per cent 
CO, can make normal persons comatose (44). 
Since the subjects with hepatic encephalopathy 
had a low resting Paco,, breathing 5 per cent 
carbon dioxide produced a proportionately greater 
tissue CO, tensions than 


increase in blood and 


would have been produced in normals. How- 
ever, several Grade 0 and Grade 1 subjects also 
had low resting Paco.:s, yet suffered no ill effects 


during CO, inhalation. Thus, the toxic responses 


to 5 per cent carbon dioxide could not be explained 


merely by different proportionate increases re- 
sulting from chronic hypocapnia. 

Pre-existing cerebral metabolic derangements 
enhance the brain’s susceptibility to many pharma- 
cological depressants given in ordinarily innocuous 
dosages. Patients with structural brain disease 
frequently react unfavorably to modest doses of 
This 


phenomenon may partially explain CO, toxicity 


barbiturates, alcohol or anticonvulsants. 
in hepatic encephalopathy and also could explain 


why ammonia is sometimes toxic for patients with 
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liver disease although equivalent levels are harm- 
less for normal subjects (38). 

How carbon dioxide specificially affects nerve 
cell metabolism is unknown, although the gas al- 
ters the function of central neurons extending far 
beyond the respiratory centers (29). If the specu- 
lation that accumulating intracellular acid metabo- 
lites cause hepatic encephalopathy proved to be 
true, this would readily explain why carbon diox- 
ide is toxic. The diffusibility of CO, across mem- 
branes rapidly makes the cerebral spinal fluid 
(45) and, presumably, brain cells more acidic. 
Other acid radicals have no such prompt effect 
(46). 
intensify the already existing biochemical dis- 


Thus, carbon dioxide would particularly 
turbance. In any case, there is little present evi- 
dence that respiratory alkalosis harms cirrhotics, 
and it is apparent that using carbon dioxide to re- 
verse the alkalosis increases the encephalopathy. 
The mechanism of acetazolamide toxicity. Clin- 
ical and cerebral metabolic deterioration was 
prompt and ‘striking in the patients with hepatic 
encephalopathy who received 2 g of intravenous 
such 


acetazolamide. Indeed, the was 


that we felt unjustified in extending the study to 


res] yonse 


a larger group of cirrhotics. 

Acetazolamide is not an inherently toxic drug. 
Normal subjects sometimes develop drowsiness 
and paresthesias after receiving doses of the drug 
exceeding 1 g (47-49), and such a response was 
observed to begin about 2 hours after infusion in 
one of our controls. This response, whose mecha- 
nism is unknown, was qualitatively entirely dif- 
ferent from the increased confusion and mental 
obtundity found in the cirrhotics, and the time de- 
lay was also dissimilar to the cirrhotics’ immedi- 
ate worsening. 

The toxic effects of acetazolamide in hepatic 
encephalopathy described here appear to be best 
explained as resulting directly from increased 
cerebral CO, tensions. Several things suggest 
this conclusion. 

1. Acetazolamide’s only known direct metabolic 
effect is carbonic anhydrase inhibition (50), which 
increases venous and tissue Peo, (51). 

2. Significant CMRo, reduction in hepatic en- 
cephalopathy followed 2 g doses of acetazolamide 
The 


balch equation is not applicable to calculate blood 


but not lesser doses. Henderson- Hassel- 


ACETAZOLAMIDE TOXICITY IN 


HEPATIC ENCEPHALOPATHY 


; tensions when carbonic anhydrase is inhibited 


oO 
dS 
( 


as 
52), but two observations in this study suggested 
that 2 g of infused acetazolamide produced more 
CO, retention than did 1 g of the drug. Thus, the 
mean blood pressure rose only in subjects receiv- 


ing the 2 g dose (53), and the subjects receiving 


1 
2 g showed a mean CBF rise of 87 per cent while 
subjects receiving 1 g or less of acetazolamide 
showed a mean CBF rise of but 62 per cent. 

3. No consistent arterial ammonia rise accom- 
panied the immediate clinical and cerebral meta- 
bolic deterioration which followed acetazolamide. 
As a secondary result of acetazolamide’s inhibit- 
ing renal tubular carbonic anhydrase, urine am- 
monia falls and renal vein ammonia rises (54, 55). 
Consequently, after a period of time, the arterial 
ammonia rises in those cirhotics who have a de- 
creased hepatic ammonia uptake. Owen, Flana- 
gan, Berry and Tyor (56) found this rise 45 min- 
utes after acetazolamide injection, and Webster 
and Kleinerman (57) noted a 24 per cent arterial 
ammonia increase 1 hour after injecting aceta- 
zolamide. Our data, which show no blood am- 
monia rise 30 minutes after acetazolamide, indi- 
cate that more than 30 minutes is required for im- 
paired renal output to increase arterial ammonia. 

Previously, the secondary ammonia rise de- 
scribed above has been regarded as the likely 
mechanism for acetazolamide’s toxicity in patients 
The 


presented here suggest that acetazolamide’s ma- 


with hepatic cirrhosis (58). observations 
jor toxic effect may be more direct and due to the 
increased cerebral CO, tensions resulting from 
carbonic anhydrase inhibition. 


SUMMARY 


1. Arterial blood gases, cerebral blood flows and 
cerebral oxygen uptakes were determined in con- 
trol subjects, alert cirrhotic patients and patients 
with varying degrees of hepatic encephalopathy. 
The clinical and cerebral metabolic responses to 
inhaled 5 per cent carbon dioxide and to infused 
acetazolamide were tested in both cirrhotics and 
controls. 

2. Alert cirrhotic patients had respiratory alka- 
losis and the degree of alkalosis increased progres- 
sively as encephalopathy appeared and worsened. 

3. The cerebral oxygen uptake was normal in 
alert cirrhotics, but the uptake progressively de- 
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creased as hepatic encephalopathy developed and 
worsened, 

4. Five per cent carbon dioxide produced no ad- 
verse effects on alert cirrhotics or patients with 
static brain disease. However, inhaling 5 per 
cent CO, caused both clinical deterioration and 
significantly decreased cerebral oxygen uptake in 
patients having hepatic encephalopathy. The ar- 
terial blood ammonia decreased and the cerebral 
ammonia uptake declined during CO, inhalation. 

5. Acetazolamide infusions produced no sig- 
nificant clinical or cerebral metabolic rate (CMR) 
changes in control subjects. Patients with hepatic 
encephalopathy showed no CMRo, change when 
However, when pa- 


tients with hepatic encephalopathy received 2 g 


given 0.5 or 1 g of the drug. 


of acetazolamide, they promptly deteriorated clin- 
ically and significantly decreased their cerebral 
oxygen consumption. The arterial ammonia level 


did not increase in any instance. 


6, This study suggests that the toxicity of aceta- 


zolamide in hepatic encephalopathy directly re- 
sults from increased cerebral tissue carbon diox- 
ide tensions. It is postulated that respiratory 
alkalosis in advanced liver disease is compensa- 
tory, acting to protect rather than to impair brain 


function. 


ACKNOWLEDGMENT 


The 
Vreede is gratefully acknowledged. 


valuable technical assistance of Mrs. Else S. 


REFERENCES 


. Vanamee, P., Poppell, J. W., Glicksman, A. S., Ran- 
dall, H. T., Roberts, K. E. Respiratory al- 
kalosis in hepatic coma. A. M. A. Arch. intern. 
Med. 1956, 97, 762 

Phear, E. A., Sherlock, S., and Summerskill, W. H. 
J. Blood-ammonium 


and 


levels in liver disease and 
“hepatic coma.” Lancet 1955, 1, 836. 
. Schwartz, R., Phillips, G. B., 


and Davidson, C. S. 


Gabuzda, G. J., Jr., 

Blood ammonia and electro- 

lytes in hepatic coma. J. Lab. clin. Med. 1953, 42, 
499. 

. Tyor, M. P., and Sieker, H. O. 
gas and peripheral circulatory alterations in 

Amer. J. Med. 1959, 27, 50. 


The cerebral 


Biochemical, blood 
he- 
patic coma. 
. Bessman, S. P., and Bessman, A. N. 
and peripheral uptake of ammonia in liver dis- 
hypothesis for the mechanism of 
clin. Invest. 1955, 34, 622. 


ease with an 


hepatic coma. J. 


POSNER 


AND FRED 


6. Webster, L. T., Jr., 


18. 


19. 


20. 


. Wechsler, R. 


. Carryer, H. M. 


. Roberts, K. 


. Warren, K. S, and Nathan, D. G. 


. Warren, K. S. 


. Adams, R. D., and Foley, J. M. 


. Scheinberg, P., and Stead, E. A., Jr. 


PLUM 

and Gabuzda, G. J. Ammonium 
the extremities and brain in hepatic 

clin. Invest. 1958, 37, 414. 

L., Crum, W., and Roth, J. L. A. The 
and oxygen consumption of the hu- 

Clin. Res. Proc. 1954, 


uptake by 
coma. J. 


blood flow 
man brain in hepatic coma. 
2, 74. 

Fazekas, J. F., Ticktin, H. E., Ehrmantraut, W. R., 
and Alman, R. W. Cerebral metabolism in he- 
patic insufficiency. Amer. J. Med. 1956, 21, 843. 

Tissue anoxia resulting from re- 

respiratory alkalosis. Proc. Mayo Clin. 1947, 22, 
456. 

Kety, 


active 


effects of 
cerebral 


S. S., and Schmidt, C. F. The 


and passive hyperventilation on 
blood flow, cerebral oxygen consumption, cardiac 
output, and blood pressure of normal young men. 
J. clin. Invest. 1946, 25, 107. 

G., III, Poppell, J. W., 
Respiratory alkalosis accom- 
Physiol. 


E., Thompson, F. 
and Vanamee, P. 


panying ammonium toxicity. J. appl. 
1956, 9, 367. 

The passage of 
and its 


1958, 37, 


ammonia the blood-brain-barrier 
relation to blood pH. J. 
1724. 


across 
clin. Invest. 
The differential toxicity of am- 
monium salts. J. clin. Invest. 1958, 37, 497. 
Roberts, K. E., Vanamee, P., Poppell, J. W., Rubin, 
A., Braveman, W., and Randall, H. T. 
lyte alterations in liver disease and hepatic coma. 


Med. clin. N. Amer. 1956, 40, 901. 


Electro- 


The neurological 


disorder associated with liver disease. Ass. Res. 
nerv. Dis. Proc. 1953, 32, 198. 

Myerson, A., Halloran, R. D., Hirsch, H. L. 
Technic for obtaining blood from internal jugular 


Arch. 


and 
vein and internal carotid artery. Neurol. 
Psychiat. (Chicago) 1927, 17, 807. 

The cerebral 
blood flow in male subjects as measured by the 
nitrous oxide technique. Normal values for blood 
flow, oxygen utilization, glucose utilization, and 
observations on the 
clin. Invest. 1949, 


peripheral resistance with 
effect of tilting and anxiety. J. 
28, 1163. 

Kety, S. S., and Schmidt, C. F 

the 
flow in man: Theory, procedure 

J. clin. Invest. 1948, 27, 476. 

J., Wendel, H., and 


and 


The nitrous oxide 


method for quantitative determination of 
blood 
and normal values. 
Strowd, M. W., Lambertsen, C. 
Daly, M. DeB. 
intermittent sampling in nitrous oxide method for 


Fed. Proc. 1954, 


cerebral 


Comparison of continuous 


determining cerebral blood flow. 
13, 147. 

Peters, J. P., and Van Slyke, D. D. 
Clinical Chemistry. Interpretations. Baltimore, 
Williams & Wilkins, 1932, vol. 1, p. 939. 


Quantitative 





CO, AND ACETAZOLAMIDE TOXICITY IN HEPATIC ENCEPHALOPATHY 


. Singer, R. B., and Hastings, B. An improved clini- 
cal method for the estimation of disturbances of 
the acid-base balance of human blood. Medicine 
(Baltimore) 1948, 27, 223. 

. Dittmer, D. S., and Grebe, R. M., Eds. 


Philadelphia, W. B. 


Handbook 
of Respiration. Saunders, 
1958, pp. 46-98. 
. Seligson, D., and Hirahara, K. The measurement 
of ammonia in whole blood, erythrocytes, and 
J. Lab. clin. Med. 1957, 49, 962. 
The physiology of the human cerebral 
Anesthesiology 1949, 10, 610. 
Cerebral blood flow and oxygen 
Physiol. Rev. 1959, 39, 183. 
. Engel, G. L., and Romano, J. 
of cerebral insufficiency. 
260. 
. Robin, E. D., Whaley, R. D., Crump, C. H., and 
Travis, D. M. The nature of the respiratory 
acidosis of sleep and of the respiratory alkalosis 
of hepatic coma (abstract). J. clin. Invest. 1957, 
36, 924. 
. Engel, G. L., Farris, E. B., and Logan, M. Hyper- 
ventilation: Analysis of clinical symptomatology. 
Ann. intern. Med. 1947, 27, 683. 
and Plum, F. 


plasma. 
mets, S&S, 5. 
circulation. 
N. A. 


consumption in man. 


. Lassen, 


Delirium, a syndrome 
J. chron. Dis. 1959, 9, 


. Swanson, A. G., Stavney, L. S., Ef- 


fects of blood pH and carbon dioxide on cerebral 


Neurology 1958, 8, 787. 
and Greville, G. D. in Hill and 
Electroencephalography, A Symposium on 
New York, Macmillan, 1950, 


electrical activity. 
. Heppenstall, M. E., 
Parr, 
its Various Aspects. 
9. 127. 

. Murray, J. F., Dawson, A. M., and Sherlock, S. 
Circulatory changes in chronic liver disease. Amer. 
J. Med. 1958, 24, 358. 

. Heinemann, H. O., Emirgil, C., and Mijnssen, J. P. 
Hyperventilation and arterial hypoxia in cirrho- 
Amer. J. Med. 1960, 28, 239. 

. Gessell, R., Lapides, J., and Levin, M. 


sis of the liver. 
The inter- 
action of central and peripheral chemical control 
Amer. J. Physiol. 1940, 130, 155. 

Balti- 


of breathing. 
. Harrison, T. R. Failure of the Circulation. 
more, Williams & Wilkins, 1939. 

. Sherlock, S. 
patic coma. 


Pathogenesis and management of he- 
Amer. J. Med. 1958, 24, 805. 

. Plum, F., and Swanson, A. G. Central neurogenic 
hyperventilation a: man. Arch. Neurol. Psychiat. 
(Chicago) 1959, 81, 535 

Migliore, A., Pagni, C. A. 


Studio sperimentale dell’azione del cloruro d’am- 


. Marossero, F., and 
monio per iniezione endovenosa rapida sui potenzi- 
ali corticali di tipo convulsivo. Bull. Soc. ital. Biol. 
sper. 1957, 33, 90. 

. Wilson, W. P., and Tyor, M. P. 
graphic observations during experimental hyperam- 
Neurology 1958, 8, 913. 


Electroencephalo- 


monemia. 


39, 


. Posner, J. B., and Plum, F. 


9. Belsky, H. 


. Amatuzio, D. S., and Nesbitt, S. 


. Eiseman, B., Fowler, W. G., White, P. 


. Goodman, L. S., and Gilman, A. 


. Winterstein, H. 


. Nadell, J. 


. Friedberg, C. K., Taymor, R., Minor, J. B., 


. Berliner, R. W., and Orloff, J. 


. Mithoefer, J. C., 


. Mithoefer, 


. Goldstein, J. D., and DuBois, E. L. 


1257 
Eiseman, B., and Clark, G. M. Studies in ammonia 
metabolism. III. The experimental production of 
coma by carotid arterial infusion of ammonium 
salts. Surgery 1958, 43, 476. 

A study of pyruvic 
acid in the blood, spinal fluid and urine of patients 
with liver disease with and without hepatic coma 
(abstract). J. clin. Invest. 1950, 29, 796. 

J., and Clark, 
The role of ammonia in the production of 
Surg. Forum 1955, 6, 369. 

Effect of acute respira- 
blood 


G. M. 
hepatic coma. 
tory alkalosis and acidosis on ammonia. 
Clin. Res. 1960, 8, 30. 


. Jaquez, J. A., Poppell, J. W., Lawrence, W., Jr., and 


Roberts, K. E. 
partial perssure of ammonia in patients with am- 
Clin. Res. Proc. 1957, 5, 20. 


The clinical significance of the 


monia toxicity. 
The Pharmacologi- 
New York, 


cal Basis of Therapeutics, 2nd ed. 


Macmillan, 1955, p. 905. 


. Robin, E. D., Whaley, R. D., Crump, C. H., Bickel- 


mann, A. G., and Travis, D. M. Acid-base rela- 
tions between spinal fluid and arterial blood with 
special reference to control of ventilation. J. appl. 
Physiol. 1958, 13, 385. 

control of pulmonary 
theory” of re- 


Med. 1956, 255, 


Chemical 
The 
New Engl. J. 


IIT. 
spiratory control. 
331. 


ventilation. “reaction 


The effects of the carbonic anhydrase in- 
hibitor “6063” on electrolytes and acid-base bal- 
ance in two normal subjects and two patients with 
respiratory acidosis. J. clin. Invest. 1953, 32, 622. 
and 
Halpern, M. 
hydrase inhibitor, as an oral diuretic in patients 
New Engl. J. Med. 


The use of Diamox, a carbonic an- 


with congestive heart failure. 
1953, 248, 883. 

Use of a new oral diuretic, Diamox, in 
congestive heart failure. New Engl. J. Med. 1953, 
249, 140. 

Carbonic anhydrase 
Pharmacol. Rev. 1956, 8, 137. 

and Davis, J. S. 
bonic anhydrase: Effect on tissue gas tensions in 
the rat. Proc. Soc. exp. Biol. (N. Y.) 1958, 98, 
797. 


inhibitors. 


Inhibition of car- 


| og & 
Its effect on elimination of carbon dioxide by the 
J. appl. Physiol. 1959, 14, 109. 

Effect on the 
circulation in man of rebreathing different con- 
Amer. J. Physiol. 


Inhibition of carbonic anhydrase: 


lungs. 


centrations of carbon dioxide. 
1927, 81, 650. 


. Poppell, W. J., Cuajunco, F., Jr., Horsley, J. S., ITI, 


Randall, H. T., Roberts, K. E. Renal 


teriovenous ammonium difference and total renal 


and ar- 





JEROME B 
normal, acidotic and 
1956, 4, 137. 
Owen, E. E 
The kidney as a source of blood 


ammonium production in 


alkalotic dogs. Clin. Res. Proc 


3erry, J. N., Flanagan, J. F and 
Tyor, M. P. 
ammonia in resting and hyperventilated cirrhotics 
Clin. Res. 1959, 7, 154. 

E., Flanagan, J. F., Berry, J. N., 
The kidney as a source of blood ammonia 


56. Owen, E. and Tyor, 
Mm. £: 
in patients with liver disease: The effect of Dia- 
Clin 1959, 7, 292 


mox. Res 


POSNER 


AND 


58. 


FRED PLUM 


Webster, L. T., Effect of a 


carbonic anhydrase inhibitor, acetazoleamide (Dia- 


Jr., and Kleinerman, J. 


mox®) on cerebral “ammonium” metaboli.m of 


(ab 


patients with and without hepatic cirrhosis 


1957, 


36, 934. 


and Davidson, C. S. 


stract). J. clin. Invest. 
Webster, L. T., Jr., 
tion of impending hepatic coma by a carbonic an- 


Proc . Biol. 


Produc- 


hydrase inhibitor, Diamox. Soc 


(N. Y.) 1956, 91, 27. 


exp. 





CHARACTERIZATION OF ANTI-THYROGLOBULIN FACTORS IN 
HUMAN SERUM 


3y JOHN L. FAHEY ann HOWARD C. GOODMAN 


(From the Metabolism Service, General Medicine Branch, National Cancer Institute and the 
Section on Metabolism, Laboratory of Cellular Physiology and Metabolism, 
National Heart Institute, Bethesda, Md.) 


(Submitted for publication January 14, 1960; accepted March 3, 1960) 


Investigations in patients with thyroid disease 
led to the discovery of serum factors which react 
like antibodies with thyroglobulin-containing ex- 
tracts of human thyroid gland (1, 2). These se- 
rum factors have been shown to be among the 
y-globulins (3). Pressman and colleagues (4) 
reported that the serum anti-thyroglobulin ac- 
tivity in one patient was associated with the 
y-macroglobulins. Korngold, Van Leeuwen and 
grener (5), utilizing gel-diffusion immunochemi- 
cal techniques, recently reported an additional in- 
stance of anti-thyroglobulin activity associated with 
a y-macroglobulin but found the activity in three 
other patients to be associated with the smaller 
6.6S y-globulins. Roitt, Campbell and Doniacl 
(3), using gel-diffusion techniques to characterize 
the thyroid antigens, obtained data that can be 
interpreted as showing that the antibodies in the 
tested probably 6.6S, 
y-globulins. 


sera were the smaller, 

Recent studies have emphasized that y-globu- 
lins should be regarded as an _ electrophoretic 
grouping of related but not identical proteins. 
They may be subdivided on the basis of size, hex- 
ose content and immunochemical properties into 
two major groups, the 6.6S and 18S y-globulins, 
160,000 and 


Many physiologic 


with molecular weights of about 
1,000,000, respectively (6-8). 
and pathologic antibody activities belong in one or 
the other or, in some instances, in both of these 
y-globulin fractions (9-11). 
anion-exchange cellulose chromatography (12), 
which has proved to be particularly useful in 


In the present studies 


y-globulin subfractionation, was combined with 
electrophoretic and ultracentrifugal procedures to 
characterize the anti-thyroglobulin factors found 
in seven sera. In five patients the anti-thyroglobu- 
lin reactivity was found associated with 6.6S 
y-globulins and in two cases, with both 18S and 
6.6S y-globulins. 


METHODS 


Anti-thyroglobulin activity in serum and serum frac- 
tions was determined by a modification of the tanned 
(13) and 


Thyroglobulin,! obtained 


cell hemagglutination technique of Boyden 
Witebsky and colleagues (2). 
from human colloid goiter and found to be 86 per cent 
pure by ultracentrifugal analysis, was fixed to tanned red 
cells. The preparation of tanned cells, procedures for 
dilution of serum and serum fractions, and the technique 
of evaluating agglutination were essentially the same as 
(14). The specificity of the 
hemagglutinin test for 


those described elsewhere 


tanned-cell thyroglobulin anti- 
bodies was tested by absorption of reactive sera with a 
thyroglobulin preparation which was 96 per cent pure on 
the activity 


ultracentrifugal analysis. All of was re 


moved by this preparation, providing support for the 
assumption that agglutination of the red cell preparation 
was due to anti-thyrog’obulin activity. 

Analytic paper electrophoresis, quantitative total serum 
protein measurements, and preparative electrophoretic 
procedures utilizing polyvinyl particle blocks have been 
(8). 


ried out in the manner of Robbins, Petermann and Rall 


described Ultracentrifugal fractionation was car- 
(15) utilizing a Spinco model L preparative ultracentri- 
1:10 with 0.15 M NaCl 


tion and serum fractions were dialyzed thoroughly against 


fuge. Sera were diluted solu 


the same solution prior to ultracentrifugation in the 
Spinco no. 40 rotor at 39,000 rpm for 150 minutes. At 
the end of this time successive samples were collected 
from the top to the bottom of the ultracentrifuge tube 
by using a sampling syringe and needle. Determinations 
were made of anti-thyroglobulin activity and the results 
plotted in terms of the cumulative activity with increas 
ing depth in the tube. 

Anion-exchange cellulose chromatography was per- 
formed on columns of diethylaminoethyl-cellulose (16), 
The 
starting and equilibrating potassium buffer was 0.02 M 
phosphate, pH 8. 


viding a progressive rise in phosphate molarity to 0.25 M 


employing 2 g of adsorbent and 1 ml of serum 


A 150 ml gradient elution system pro- 


while maintaining pH 8, was used to elute the absorbed 
proteins from the column (8). Effluent from the column 


was collected in about 45 fractions and the protein content 


1 The authors wish to thank Dr. J. Robbins for supply- 


ing the human thyroglobulin preparations used in these 
studies. 
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estimated by measuring the optical density at 280 myp in 
a Beckman spectrophotometer. The effluent then 
combined into 10 or more pools which were tested for 


was 


anti-thyroglobulin activity after dialysis against 0.15 M 
NaCl and without concentration. 


RESULTS 


Serological studies. Anti-thyroglobulin activity 
was tested in the serum of 118 patients with a va- 
riety of diseases (Table I), and 17 were found to 
have anti-thyroglobulin activity. Sera from 10 
of the 11 patients with chronic thyroiditis had de- 
tectable anti-thyroglobulin activity. Although the 
diagnostic subdivision in Table I was made on 
clinical grounds, for it was not possible for us to 
obtain histologic confirmation of the diagnosis in 
each patient, the results showing the highest titers 
in chronic thyroiditis are consistent with the ex- 
perience of Roitt and Doniach (17). 

The 
thyroglobulin titers in four other diseases was of 


observation of significant serum anti- 


particular interest. One of these was a patient 
with Addison’s disease and an enlarged thyroid 
gland, but no evidence of thyroid dysfunction. 
Patient H.L. had lupus erythematosus with no 
overt evidence of thyroid disease. Patient M.D., 
with a combination of purpura, Sjogren’s syn- 
drome and hyperglobulinemia and elevated serum 
macroglobulins (35 per cent), had a benign ade- 
noma of the thyroid removed 10 years earlier. 
Patient E.B. had rheumatoid arthritis with evi- 
dence of thyroid dysfunction described elsewhere 
(18). Of interest is the finding that, in the lupus 
erythematosus sera and rheumatoid arthritis sera 
studied, only one serum from each group con- 


rABLE I 


Serum anti-thyroglobulin activity in disease 


Hemagglutination titer 
(reciprocal) 

10 to 1,280 to 

1,280 3,000,000 


No. of 

Clinical diagnosis patients <10 
Thyroid disease 

Chronic thyroiditis 

Suspected thyroiditis 

Other thyroid diseases 
Lupus erythematosus 
Rheumatoid arthritis 
Dysproteinemia* 
Other diseases 


Total 


1 
8 
9 
14 
20 
13 
36 


101 


pm yp em AD tee pe 
ase ine oO 


oo 


* Macroglobulinemia 9, multiple myeloma 2, diffuse 


hypergammaglobulinemia 3. 


HOWARD (C 


GOODMAN 


TABLE II 


Sera used for characterization of anti-thyroglobulin factors 


Serum 
+-globulins 


gram % 


Anti-thyro. 
globulin titer 


Patient Diagnosis (reciprocal) 


<10 .17(+0.20) 


600,000 89 
12,800 1.58 
16,000 2.19 

3,000,000 2.35 
6,250 3.79 
6,250 .60 
1,280 5.50 


Normal 


M.H. Hashimoto's thyroiditis 
Lad. Hashimoto's thyroiditis 
F.S. Hashimoto’s thyroiditis 
H.M. Hashimoto's thyroiditis 
Ae Lupus erythematosus 
E.B. Rheumatoid arthritis 
M.D. Sjégren’s syndrome* 


* And other diseases; see text. 

tained anti-thyroglobulin reactivity, although many 
of these patients had serum globulins which re- 
acted with other tissue components (19). 

Seven sera were chosen for further study. 
Table II lists the patients’ diagnoses, serum anti- 
thyroglobulin titers and y-globulin levels. The 
first four patients had the type of chronic thyroid- 
itis diagnosed as Hashimoto’s disease. The re- 
maining three (H.L., M.D., E.B.) have been noted 
above. Absorption of these seven sera with a 
preparation shown to be at least 96 per cent thyro- 
globulin removed all reactivity with the thyro- 
globulin-extract-coated red blood cells and indi- 
cated that the reactive material was probably 
specific for thyroglobulin. 

Electrophoretic studies. 
total y-globulin level was greater than normal 
(95 per cent normal confidence limits: 0.77 to 
1.57 g per 100 ml). The diffuse appearance of 
the y-globulin increase is apparent in Figure 1 
where zone electrophoretic fractionation of the 
Examination of the 


In all seven sera the 


M.H. serum is presented. 
block fractions for anti-thyroglobulin reactivity 
revealed this activity to be associated with the 
y-globulins. The y-globulin character of the reac- 


tivity in this and the other sera was confirmed by 


chromatographic studies reported below. 

Ultracentrifugal studies, Ultracentrifugal stud- 
ies were undertaken to determine the sedimenta- 
tion properties of the y-globulins possessing anti- 
thyroglobulin activity. Figure 2 illustrates the 
findings when whole sera were sedimented in a 
preparative ultracentrifuge under conditions 
which would cause only partial sedimentation of 
6.6S y-globulins but almost complete sedimenta- 


tion of 18S y-macroglobulins. Five sera (H.L., 
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Fic. 1. DistRIBUTION OF ANTI-THYROGLOBULIN ACTIVITY AFTER ZONE (BLOCK) 
ELECTROPHORETIC FRACTIONATION OF THE M.H. seruM. The shaded area represents 
the distribution of anti-thyroglobulin activity. The distribution of serum protein 
components was roughly determined by the location of pigment bands, pink in the 
B region, blue in the a-2 region and pale yellow in the albumin region, and was con- 
firmed by analytic electrophoresis of the block sections. 
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Fic. 2. SEDIMENTATION CHARACTERISTICS OF ANTI-THYROGLOBULIN AC- 
TIVITIES IN WHOLE SERUM. Ultracentrifugation was conducted in a prepara- 
tive ultracentrifuge (39,000 rpm, 150 minutes, 0.15 M NaCl). After cen- 
trifugation successive samples were removed from each tube starting at the 
top. The distribution of anti-thyroglobulin reactivity is expressed in terms 
of cumulative per cent of the total in each tube. 
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columns at pH 8, and proteins were eluted by means of a gradient of increas- 


ing salt concentration, as noted in Methods. 
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tern of activity distribution, consistent with the 


J.) showed a uniform pat- 


sedimentation properties of 6.6S y-globulins. In 
of H.M. and M.D., however, much of the 
activity sedimented more rapidly, suggesting that 
the 
either 


sefa 


activity was associated 
that 


rapidly than the other serum factor or was as- 


anti-thyroglobulin 


with a molecule sedimented more 
sociated with two types of molecules, at least one 
of which sedimented more rapidly. 


Whole 
y-globulins prepared by electrophoretic fractiona- 


Chromatographic studies. sera and 
tion of whole sera were further fractionated by 
anion-exchange cellulose chromatography. Rep- 
resentative chromatograms together with the dis- 
tribution of anti-thyroglobulin activity are pre- 
sented in Figure 3. A single peak of antibody 
activity was found in the range of 5 to 15 per cent 
of the elution volume after chromatography of 
M.H.., 


Bas 


whole sera or y-globulins from Patients 


F.S., E.E., MH. and LJ. 


The proteins in this peak are known to be 6.6S 


(Figure 3, A and 


y-globulins (8), and finding of activity solely in 
this protein region is consistent with the uniform 
ultracentrifugal sedimentation properties of the 
2) 


activities in these same sera (Figure Electro- 


phoretic, chromatographic and_ ultracentrifugal 
observations were all consistent with the associa- 
tion of the anti-thyroglobulin activity with 6.6S 


y-globulin molecules. 


The anti-thyroglobulin activities were more 


complex in the M.D. and H.M. sera. Anion-ex- 
change cellulose chromatography revealed two 
The H.M. 
chromatogram is illustrated in Figure 3C. 


M.D. 
Anti-thyroglobulin activity was found in the 5 to 


serum 
The 
similar. 


peaks of antibody activity. 


chromatogram was qualitatively 
15 per cent and also in the 50 to 80 per cent efflu- 
ent region. With the H.M. serum, very low titers 
were obtained in the 15 to 40 per cent effluent 
regions (Figure 3C). The finding of activity in the 
50 to 80 per cent region, which is composed pri- 
marily of 18S y-macroglobulins, suggested that 
anti-thyroglobulin activity in this fraction was a 
of 18S The 
graphic separation of activity into 

demonstrated that in the H.M. and M.D. sera two 


property y-globulins. chromato- 


two groups 
different antibodies possessed anti-thyroglobulin 
activity and distinguished these sera from the 
other five sera. 

Ultracentrifugal studies, illustrated for the M.D. 
sera in Figure 4, demonstrated that the activity 
in the 60 to 80 per cent chromatogram effluent re- 
gion sedimented more rapidly than that in the 5 
to 15 per cent region. The sedimentation behavior 
of the anti-thyroglobulin activity in the 60 to 80 
per cent chromatogram region was consistent with 
that of an 18S y-globulin. These observations in- 
dicate that anti-thyroglobulin activity in these two 


sera were properties of both 6.6S and 18S y-glob- 
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ulins and that these antibodies were separable by 
anion-exchange cellulose chromatography. 


DISCUSSION 


The present study confirms the observations 
that anti-thyroglobulin activity in man may be 
associated with 6.6S or 18S y-globulin molecules. 
In five patients the activity was associated solely 
with 6.6S y-globulin molecules, but in two other 
patients anti-thyroglobulin found 
with 6.6S and 18S y-globulins. 
of the role of antigen, host or disease factors in 


activity was 


Little is known 


determining whether 18S instead of 6.6S y-globu- 
lin antibodies are to be formed. As far as we 
could determine in the present study the several 
serum antibody activities were reacting with the 
same substance in our thyroglobulin test. Thyro- 
globulin preparations, however, are not absolutely 
pure, and thyroglobulin is a large molecule likely 
Antibodies 
to other large molecular substances, such as the 


to have a variety of antigenic sites. 


erythrocyte isoagglutinogens, Rh factors and cer- 
tain liver nucleoproteins, have also been found in 
both 6.6S and 185 protein fractions (9-11, 19, 
20). 


complex compound and the several antibodies 


In each instance the potential antigen is a 
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could be directed against different antigenic sites, 
although this possibility has not been proved. 

No clinical characteristic could be discerned 
which would help to distinguish between the pa- 
tients with 18S serum anti-thyroglobulin activities 
and those with only 6.6S anti-thyroglobulin anti- 
bodies. Patient M.D. presented an unusual dis- 
ease pattern, with long standing anemia, hyper- 
globulinemia, Sjogren’s syndrome and _ repeated 
episodes of purpura, and she may have an abnor- 
mal immune mechanism manifest in multiple im- 
mune abnormalities, one being the serum anti-thy- 
The other patient, H.M., 


however, with a quite different disease pattern, 


roglobulin antibody. 


not atypical of myxedema, had little in common 
with the former patient. It is also worth noting 
that the 18S macroglobulin level in the H.M. se- 
rum was normal (2.7 per cent). 

That the clinical and immunological significance 


of 18S as distinct from 6.6S antibodies remains 


largely unexplored has been in part due to diffi- 


culties in separating and identifying the different 
antibody forms. Anion-exchange cellulose chro- 
matography has greatly facilitated the separation 
of physicochemically different antibodies in other 


antibody studies (9-11) as well as in the present 
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study of serum anti-thyroglobulin activity. Fur- 
ther application of these procedures may be ex- 
pected to provide new insight into the nature of 
antibodies in thyroid and other diseases. 


SUMMARY 


Sera from 118 patients with a variety of dis- 
eases were examined for anti-thyroglobulin activ- 
ity by the agglutination of red blood cells treated 
with tannic acid and coated with human thyro- 
globulin. Anti-thyroglobulin activity was found 
most commonly but not exclusively in patients 
The 
serum factors responsibie for anti-thyroglobulin 


with clinical evidence of chronic thyroiditis. 


activity were characterized in detail in seven sera, 
including four from patients with chronic thy- 
roiditis. 

Anti-thyroglobulin activity was found only in 
the y-globulin fraction of the serum proteins. 
The activity was found to be a single component 
of 6.6S 


In two sera, however, 


with the sedimentation characteristics 
y-globulins in five sera. 
anti-thyroglobulin activity was found in two com- 
ponents with the sedimentation characteristics of 
6.6S and 18S y-globulins, respectively. 

The 6.6S and 18S types of anti-thyroglobulin 
activity could be separated and their recognition 
facilitated by anion-exchange cellulose chromatog- 
raphy. Chromatographic separation, in addition, 
made possible quantitative measurement of each 
of the two types of activity. 

The possible role of antigen and host factors 
in determining the type of antibody response was 
briefly considered. No common clinical feature 
in the two patients producing 18S anti-thyroglobu- 
lin antibodies could be found which would dis- 


tinguish these two patients from the 6.6S anti- 


body-producing patients. 
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Most studies of fever have dealt with the pyro- 
genic activity of the wacterial lipopolysaccharides 
(1). 


properties of pathogenic gram-positive bacteria, 


of gram-negative bacteria The pyrogenic 
on the other hand, have been the subject of only 
a few reports. It is of interest, however, that in- 
travenous injection of living staphylococci and 
corynebacteria were found to produce higher fe- 
ver in rabbits than cid gram-negative bacteria 
) 


(2), and that pronounced elevations of body tem- 
perature were found after intravenous injections 
of both living and heat-killed streptococci, as well 
as streptococcal lysates (3). The pyrogenicity 
of another group of gram-positive microorganisms, 
the pathogenic fungi, has received no consideration 
in the literature, although Salvin (4) reported 
The 


following study was undertaken, therefore, to de- 


that they possess lethal endotoxins for mice. 


termine which of the common pathogenic fungi can 
induce fever and to compare their pyrogenic ef- 
fect with that of the lipopolysaccharides of gram- 
The 


saprophytic molds has been reported but the char- 


negative bacteria. presence of pyrogens in 


acteristics of the pyrogen and of the fever response 


were not described*(5). 


METHODS AND MATERIALS 


Source of pathogenic fungi. All but one strain .were 


isolated from human infections. The strain of Candida 


albicans was cultured from the blood of a patient with 
fatal hematogenous candidiasis (6), and the strain of 
Cryptococcus neoformans from the spinal fluid of a pa- 
Two strains of 


Chester 


tient with fatal cryptococcal meningitis 
Histoplasma capsulatum were obtained from Dr 
National Health 


(45-3996) was 


Emmons, of the Institutes of One o 


these (H 
and the other (H-635) at autopsy. 


Blastomyces 


isolated from soil 
The Hattie Davis and 


dermatitidis 


capsulatum 


Sautman strains of were pro- 


vided by Dr. Robert Abernathy and Sporotrichum 


schenckii, strain 7019, was obtained from the American 


Type Culture Collection. 


Suspensions of fungi. Fungi were washed from the 


surface of their culture medium with a pyrogen-free buf 
Trudeau 


from the American 


* Supported by a grant 


Society. 


fer (pH 7.1) containing NaH.PO, 1.6 g, Na.HPO, 7.5 g, 
and NaCl 4.4 g per L H,O, washed 3 times by centrifuga- 
tion and suspended in 1.0 ml of the buffered saline to 


give the desired number of fungus cells. The fungus 


cells were enumerated in a Spencer bright line Neubauer 


hemocytometer counting chamber after dilution in sa- 


line in a red cell or white cell pipet. 

Pyrogen studies. Living or autoclaved fungus sus- 
pensions were injected into the marginal ear vein of rab- 
bits and temperatures were measured rectally by insert- 
ing the glass probe of the thermistor apparatus (Sar- 
gent). Autoclaving of fungi was done at 145° C for 15 
minutes at 15 pounds pressure, and always sterilized the 
Glassware and needles rendered free of 


culture. were 


pyrogens by heating in an oven at 170° C for 2 hours. 
Pyrogen-free solutions of physiologic saline and water 


Albino rab 
bits of both sexes, weighing 3 to 5 kg, were kept in an 


were purchased from the Abbott Company. 


air-conditioned room at approximately 70° F. They 


were conditioned by measuring the temperatures hourly 
for 8 hours on the day preceding each experiment and 
remained 


animals were used only if their temperatures 


within a constant range of plus or minus 0.3° F during 
the period of conditioning. On the day of the experi- 


ment, temperatures were measured at 30-minute inter- 


vals for 2 hours before injection and hourly for 8 hours 
thereafter. Temperatures were also taken immediately 


before injection and 30 minutes afterward. Animals 


were rejected for the study if their temperatures were 


? 


not constant during the preliminary period of 2 hours 


before injection. 


EXPERIMENTAL RESULTS 


é if Fever 
L. Cryptococcus neojormans 


The entire growth obtained after culture for 11 
days at room temperature on the surface of Sa- 
bouraud-dextrose agar was suspended in buffered 
One ml of a heavy turbid suspension of 
about 2.5 x 10° 


saline. 
living cryptococci, containing 
yeast cells, was then injected intravenously into 
three rabbits. No fever resulted on the day of in- 
jection or on three subsequent days of observa- 
tion. The rabbits showed no signs of illness from 
the injection. The experiment was repeated with 


a 71 day old culture of C. neoformans. An inocu- 
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lum of 2.5 x 10° cells again failed to produce 
fever. 

An attempt was made to release a pyrogen by 
autoclaving and agitating with glass beads the 
suspension of 10° cryptococci per ml until they ap- 


peared fragmented, had lost their gram-staining 
properties, and stained only faintly with safranine. 


The disrupted cryptococci were then centrifuged 
at 2,000 rpm for 4.5 hours and 5.0 ml of super- 
nate was injected intravenously into each of five 
rabbits. Three rabbits developed fever with peaks 
of 1.2°, 2.4°, and 4.0 


gan to rise after latent periods of 30 to 60 minutes 


F, respectively. Fever be- 
and the temperatures returned to normal 8 to 10 
hours after injection. Two rabbits did not de- 
velop fever. 


2. Candida albicans 


a. Living agar cultures. Intravenous injection 
of 1 ml of a suspension of a five day culture of 
C. albicans grown on Sabouraud-dextrose agar 
at 27° C and containing 10° yeast cells produced 
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After a latent period 
with no fever, lasting 30 minutes, the tempera- 
to 2.8° F at 1 hour and reached a 
F at 4 hours. 


to 2 


high fever in four rabbits. 


ture rose 0.8 
peak of 3.8° to 5 
then fell to 1.6 

to similar peaks by 24 hours. 


The temperatures 
F at 7 hours but rose again 
The fever remained 
elevated until all animals died before 48 hours 
(Figure 1, C-71). 

b. Living broth cultures. The growth at 27° C 
in a four day culture in trypticase soy broth was 
collected on the filter pad during Seitz filtration 
The 
organisms were then suspended in the buffered sa- 


and washed tliree times in buffered saline. 


line to produce a count of approximately 10° yeast 
cells per ml and tenfold serial dilutions were made 
to give suspensions with 10° and 10 cells per ml, 
respectively. One ml of each serial dilution was 
then injected intravenously. The rabbits given 
10° organisms collapsed at 3 hours, developed ex- 
treme hypothermia to a level 4° F below the ini- 
Two rabbits inoculated 


tor .2 


tial temperature and died. 
with 10® 
hours and then developed a rise in temperature of 
1.2° and 2.0 


both animals continued to rise to 1.8 


candida cells remained afebrile 
The temperature in 
and 2.8° F 
at 5 hours and remained elevated during the four 
A third rabbit inocu- 


F at 3 hours. 


day period of observation. 
lated with 10° organisms remained afebrile the 
F the 


second day and this continued to mount during 


first day but developed a high fever at 2.3 


the four day period. 
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Inoculation of 10° living candida cells into three 
rabbits produced essentially no fever on Day 1, 
but all three had fevers on Day 2 ranging from 
0.8 to 2.4° F. The fever continued through the 
fourth day. 

One to 2.0 ml of blood collected during periods 
of highest fever from the central ear veins of each 
of the six rabbits, 48 hours after injection, was 
cultured on Sabouraud’s agar, but no growth of 
The dose of 10* yeast cells 
was lethal in about one week, but all three rab- 


candida developed. 


bits given 10? cells survived. 

Representative fever curves for each dose of 
viable candida are shown in Figure 1. 

c. Autoclaved agar cul:ure. A 48 hour culture 
of C. albicans grown on Sabouraud-dextrose agar 
at 27° C was autoclaved, washed three times, and 
suspended in buffered saline in a concentration of 
10° organisms per ml. One ml was then injected 
into the marginal ear vein of each of two rabbits. 
Another two rabbits were inoculated intravenously 
with 10° autoclaved candida cells that had been 
grown in trypticase soy broth at room tempera- 
ture for 48 hours and washed three times in buf- 


A-66 
a 
B-66 


DEGREES OF FEVER (F) 





0246824 
Ist IM. 


0246824 
2nd INU 


Fic. 3. 


HOURS 


McCONNELL AND H. DOUGLAS 


fered saline. All rabbits developed high fever 
and the fever of two was biphasic (Figure 2). 
There was no difference in fever response to the 
two types of cultures. In three rabbits there was 
a latent period of 30 minutes before the tempera- 
ture began to rise, but fevers of 0.8° to 3.4° F 
were noted in all four at 1 hour and maximum 
peaks of 2.4° to 4° F were present at 4 hours. 
Thereafter, the temperature fell rapidly and in two 
animals reached normal levels by 7 hours. No 
fever was noted the following day and the animals 
showed no ill effects from the inoculation either 
during the fever or afterwards. 

d. Culture filtrates. A culture of C. albicans, 
incubated in trypticase soy broth at room temper- 
ature for four days, was passed through a Seitz 
filter and 10.0 ml of clear sterile filtrate was in- 
jected intravenously into two rabbits. Two con- 
trol rabbits were injected intravenously with 10.0 
ml sterile trypticase soy broth. The culture fil- 
trate produced a brisk rise in temperature to 1.5 
F in both animals at 1 and 2 hours after an afe- 
brile lag period of 30 minutes. After 2 hours the 
temperature fell sharply and reached normal by 
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The animals showed no ill effects from 
the injection. 


4 hours. 


No fever was produced by injecting plain ster- 
ile broth in control animals. 


3. Histoplasma capsulatum 


a. Living agar cultures. A culture of H. capsu- 
latum (G-3996), incubated at room temperature 
for 23 days, was removed from Sabouraud-dex- 
trose agar with sterile buffered saline and reduced 
to an even suspension in a tissue homogenizer. 
Each of a group of eight rabbits received intra- 
venously 1.0 ml of a saline suspension adjusted to 
contain 10° tuberculate chlamydospores per ml 
(Figure 3). Seven of the animals developed fever. 
In two animals the fever was less than 1° F; 
to 2.2° F. 


There was a lag period of 2 hours before the tem- 


in the remainder it ranged from 1° 


perature began to rise in five febrile animals and 
of 1 hour or less in two others; this lag period 
resembled that observed in animals given 10° liy- 
ing candida organisms. The temperature returned 
to normal in 6 to 8 hours and remained normal 
the next day. The animals showed no ill effects 
from the injection. 

b. Autoclaved agar culture. A culture of H. 
capsulatum (H-635), grown on Sabouraud-dex- 
trose agar for 45 days at room temperature, was 
suspended in saline by the method described in 
3a and autoclaved. Six rabbits were then injected 
intravenously with 1.7 x 10° tuberculate chlamy- 
dospores in 1.0 ml of the sterile autoclaved sus- 
Five rabbits experienced immediate 
high fevers reaching 1.5° to 4.6° F without the 
lag period observed in rabbits given the living 


pension. 


The temperature rise was started when 


culture. 
the first temperature was taken 30 minutes after 
injection. By 7 to 8 hours the temperature was 
back to normal. 


4. Blastomyces dermatitidis 


a. Living agar culture. After growth for 29 
days at room temperature a culture of B. dermati- 
tidis (Davis strain) was removed from Sabour- 
aud-dextrose agar and a suspension prepared as 
described in 3a. Four rabbits received intrave- 
nously 1.0 ml of a suspension of living organisms 
containing approximately 3.5 x 10° spores. All 


animals developed high fevers reaching 1.6° to 3° 
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F (Figure 4). The temperature rose after a lag 
period of 30 minutes and usually reached a peak 
in 4 hours. Then the temperature fell abruptly 
to normal by 6 hours. There was no fever the 
next day and the animals did not appear ill. 

b. Autoclaved agar culture. <A culture of B. 
dermatitidis (Sautman strain) grown on Sabour- 
aud-dextrose agar for 42 days at room tempera- 
ture was suspended in saline and autoclaved. 
Each of five rabbits was then injected intrave- 
nously with 1.0 ml of a suspension containing 2.5 
Four of the rabbits developed fe- 
to 3.6 


x 10° spores. 
vers ranging from 0.6 F (Figure 5, first 
injection). In each case there was a preliminary 
drop in temperature at 30 minutes followed by 
fever peaks at 3 to 4 hours. The injections were 


well tolerated. 
5. Sporotrichum schenckii 

A yeast phase culture of S. schencku, grown on 
trypticase soy agar with 10 per cent rabbit blood 


at 37 
fered saline, washed three times by centrifugation, 


C for six days, was removed in sterile buf- 


and resuspended so that there were 1.75 x 10° 
organisms per ml. One ml was then injected in- 
travenously into each of four rabbits. All de- 


F (Fig- 
ure 6). The lag phase varied from 30 to 60 min- 


veloped high fever reaching 2.0° to 4.6 


utes and the peak was reached at 5 hours in all 
animals. No ill effects were apparent from the 


injection. 
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CLAVED BLASTOMYCES DERMATITIDIS (AT TWO-WEEK INTERVALS 


Two of the four rabbits developed fever after B. Hematologic Changes Accompanying Fever 


the first day. One animal showed daily spikes for Total and differential leukocyte counts were 
eight days and then the temperature remained made on the blood obtained from the ear veins of 


normal. Another sustained a high spike, 4.4 


on the second day but not afterwards. 
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leukocyte counts were made in duplicate before more prolonged fever than that experienced with 
injection of yeast and at intervals of 5 minutes, the initial injection 24 days previously, but no 
1 hour, 4 hours and 24 hours after injection. As fever was present the following day. Two weeks 
shown in Figures 7 and 8, both living and dead later a series of five daily injections of the same 


candida produced a sharp neutropenia within 5 inoculum was given but no consistent evidence of 


minutes after injection and a rebound to normal or a gradually diminishing febrile response (toler- 
above in 1 to 4 hours. ance) was found. The animals became weaker 
and more listless with each injection. 

C. Effects of Repeated Injections on Fever Four additional rabbits, that had received 4.5 x 
cle 10° autoclaved C. albicans intravenously 14 days 

1. Candida albicans CPR 
earlier, were given second intravenous injections 
Two rabbits that had received 5 x 10° auto- of the same dose. Three of these sustained 
claved candida intravenously 24 days earlier were higher and more prolonged fever than that elicited 
given second intravenous injections with 5 x 10° by the first injection two weeks previously. 
autoclaved candida. This produced higher and Daily injections of the same inoculum, given for a 
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total of five consecutive days, produced no defi- 
nite evidence of a diminishing response except 
in one rabbit, and this animal reacted on the fifth 
day with a fever response greater than that ob- 
served with the first injection. 

The possibility was considered that tolerance 
was not demonstrated because the dose of fungus 
pyrogen may have been too large. An attempt 
was made, therefore, to determine the minimal 
pyrogenic dosé and repeat the attempts to estab- 
lish tolerance. Autoclaved suspensions of C. albi- 
cans were prepared in pyrogen-free saline and 
serial tenfold dilutions were made so that the final 
concentrations of fungus cells were 10°, 10° and 


10° per ml, respectively. A total of nine rabbits 
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was then examined for tolerance by inoculating 1 
ml of each concentration intravenously into three 
rabbits at daily intervals. The 
10° candida cells proved to be a minimal pyrogenic 
to 0.8° F 
No sign of a diminished py- 


lowest dose of 
dose and produced fevers reaching 0.5 
and lasting 4 hours. 
rogenic response was observed in any of the nine 
rabbits after eight daily injections. Instead, the 
fevers tended to be greater with successive in- 


jections. 


2. Histoplasma capsulatum 


a. Live agar culture. Eight rabbits that had 
received 10° live tuberculate chlamydospores (see 


Section 3a) were each challenged again intrave- 











T oe 
3 4 ra) 
HOURS 


TO INTRAVENOUS INJECTION OF 10° 
ALBICANS. 
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nously two weeks later with 10° live histoplasma 
grown for 18 days on Sabouraud-dextrose agar 
at room temperaiure. The fever in seven of the 
rabbits was much higher and prolonged than at 
the time of the first injection, when the same 
number of chlamydospores was inoculated. In 
all seven rabbits the fever rise was more than 2°, 
in five, more than 3° and in four, more than 4° F. 
At the time of the first injection, on the other 
hand, the temperature of only one animal rose 
above 2° F (2.2). 
more than the first to be biphasic (Figure 3). 


The second curves also tended 
b. Autoclaved agar culture. Five rabbits given 
the autoclaved agar culture of H. capsulatum de- 
scribed in 3b were given a second intravenous in- 
jection of the same inoculum containing 1.7 x 
10° tuberculate chlamydospores on the next day. 
Three died within a few hours after the injection 
and the remaining two were found dead the next 
morning. 
fever. 


Only one animal exhibited a significant 


In order to determine the role of hypersensi- 
tivity in the rapid deaths that followed the sec- 
ond injection of H. capsulatum, skin tests were 
performed with histoplasma filtrates. The auto- 
claved fungus suspension used for intravenous 
injection was centrifuged at 2,000 rpm and 0.1 ml 
of the clear supernate was injected intradermally 
in the mid-portion of the back of three rabbits 24 
hours after each had received 1.7 x 10° chlamydo- 
spores intravenously. An intradermal injection 
of 0.1 ml normal saline served as a control in the 
same rabbits. Identical tests with histoplasma 
filtrate and saline were performed in three control 
rabbits that had received no intravenous injection 
of fungi. No dermal hypersensitivity was found 
in the rabbits inoculated intravenously with the 
histoplasma cells 24 hours before skin testing. 
The reaction produced by injecting the histo- 
plasma filtrate was the same in test animals and 
controls. During the first hour the swelling at the 
test site was no greater than that at the saline site ; 
and at 24 hours slight erythema persisted at the 
test sites in both groups of animals. 


3. Blastomyces dermatitidis 


Five rabbits were given a second intravenous 
inoculation of 2.5 x 10’ spores of autoclaved B. 
dermatitidis (Sautman strain) 14 days after the 
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first. 
two injections are shown in Figure 5. 
the animals sustained fevers higher than 4.0°, and 
three, higher than 5.0° F. 


The comparative febrile responses to the 
Four of 


In all animals the lag 


period was abolished and high fevers were pres- 
ent at 30 minutes, 
killed 


2 a 
changes postmortem were pulmonary hyperinfla- 


Unlike the first injection, the 
second four animals. The outstanding 
tion and engorgement with blood and edema fluid. 
No immediate or delayed dermal hypersensi- 
tivity to Blastomycin' or to the supernate from 
the autoclaved blastomyces suspension was noted 
in four additional rabbits subjected to skin tests 
14 days after intravenous injection of autoclaved 
B. dermatitidis. The techniques for preparation 
of the supernate and for skin testing were the 
same as those described above for histoplasma 
supernates. Three normal rabbits that had never 
received fungus injections served as controls. 
The same accelerated and increased fever re- 
sponse was seen in rabbits given this inoculum of 
autoclaved B. dermatitidis 14 days after the in- 
(3.5 x 10° 


Four such infected 


oculation of living B. dermatitidis 
spores of the Davis strain). 
animals developed fevers of over 5° F and died. 
These animals also showed severe pulmonary en- 
gorgement and overdistention. In addition, there 
were blastomycotic abscesses in the lungs and 


kidneys. 


4. Cryptococcal lysate 


Five ml of the cryptococcal lysate prepared by 
disrupting the cells with glass beads (as described 
in Al) was injected intravenously daily into each 
of five rabbits. All developed fever with no evi- 
dence of a diminished response after one week of 
consecutive daily injections. Instead, all showed 
gradually increasing fever with succeeding injec- 
tions of the yeast cell lysate. 


D. Passive Transfer of Circulating Pyrogen 


Nine rabbits were inoculated intravenously with 
a suspension of 5 x 10° C. albicans prepared as 


described in Section A2a. One died before 24 


Davis and 


Parke, 


It is described as a sterile filtrate from the 


1 Blastomycin obtained from 
Co., Detroit. 


culture of the mycelial phase of B. dermatitidis grown 


was 


on liquid synthetic medium. Each rabbit received 0.1 ml 


of Blastomycin intradermally. 
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hours, five were exsanguinated at 24 hours, and 
three were exsanguinated at 48 hours. The tem- 
perature elevations at the time of bleeding at 24 
to 6.2 


at 48 hours they ranged from 1.1 


with an average of 


to 2.7 


hours ranged from 1.9 
Sz? Fs 
with an average of 1.8° F. The sera obtained at 
24 hours and 48 hours were pooled separately. 
Three ml of the 24 hour pool and 3.0 ml of the 
48 hour pool were cultured on trypticase soy agar 
and trypticase soy broth, and both pools proved 
to be sterile. The 24 hour pool was divided into 
five portions of 30 ml and the 48 hour pool into 


two 25-ml portions. 


Each portion of pooled se- 
rum was injected intravenously into a normal rab- 
bit. Three rabbits receiving the 24 hour pooled 
serum developed fevers lasting 3 hours with single 
peaks in each at 1 hour of 1.0°, 1.6°, and 1.7°, 
respectively. No fever occurred in the two rab- 
bits given 48 hour pooled serum. C,. albicans 
was recovered by culture in enormous numbers 
from the kidneys of all nine donor rabbits sacri- 


ficed at 24 and 48 hours after injection. These 


infected kidneys were studded with microscopic 


mycotic abscesses which became grossly evident 
in other rabbits followed for 76 hours (Figure 
9). The absence of a pyrogen in the 48 hour se- 


Fic. 9. Mycori ABSCESSES OF RABBIT 
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rum may have been related to the fact that the 
fevers were lower than at 24 hours when serum 
was found to contain a pyrogen. 


E.. Pyrogen Controls 


No rise in temperature resulted from the in- 
jection of 1.0 ml of each of the following materials 
intravenously in rabbits: 1) Buffered saline. 2) 
Trypticase soy broth. 3) Agar washings prepared 
from Sabouraud-dextrose agar by flooding it with 
buffered saline and scraping bits of agar loose from 
the surface. 4) Agar washings prepared in a simi- 
lar fashion from trypticase soy agar containing 10 
per cent rabbit blood. These washings developed 


a strong tinge of color from the hemoglobin. 


DISCUSSION 


The pyrogenic properties of the pathogenic 
fungi examined in this study were similar in many 
respects to those of the gram-negative bacteria 
and their lipopolysaccharide pyrogen. The pyro- 
gens of both fungi and gram-negative bacteria re- 
sist heat, pass through Seitz filters, induce neu- 
tropenia and elicit similar fever curves. These 


fever curves are characterized by: 7) a lag pe- 


KIDNEYS 96 HOURS AFTER INTRAVENOUS INOCULATION OF 


iLBICANS 





FEVER FROM 


riod, 2) one or two distinct peaks, and 3) a total 
duration of 7 to 8 hours with large (but not over- 
whelming) doses. These similarities between py- 
rogenicity of the gram-positive fungi and gram- 
negative bacteria provide additional evidence that 
endotoxic properties are not limited to the latter 
group of microorganisms (3, 4). The only ap- 
parent difference between the fungus pyrogen and 
the gram-negative pyrogen was found upon re- 
peated injections. Repeated injections of the py- 
rogens of gram-negative organisms lead to di- 
minished febrile reactions and greater resistance 
to the other toxic effects (1). No convincing evi- 
dence of such tolerance was found upon repeated 
injections of fungi; instead the pyrogenicity and 
toxicity were usually enhanced. For example, a 
second injection of autoclaved histoplasma organ- 
While 


two consecutive injections of bacterial lipopoly- 


isms 24 hours after the first was lethal. 


saccharide can also kill rabbits through the effects 
of the generalized Shwartzman reaction, prelimi- 
nary evidence indicates that the phenomena are 
not related. The generalized Shwartzman reac- 
tion is not readily produced in adult rabbits and 
does not elicit the rapid (often instantaneous ) 
deaths observed with a second daily dose of 
Histoplasma capsulatum (7). 
tibility to injury by fungi was reported by Henrici 


A similar suscep- 


(8) who produced anaphylactic reactions in rab- 
bits given a second injection of an extract of 
Rhizopus nigricans. 

The only organism examined in this study that 
failed to produce fever was Cryptococcus neo- 
formans. This observation is of interest because, 
in contrast to other disseminated fungus infections, 
there is but little fever in disseminated cryptococ- 
cosis (9). The cryptococcus also differs from the 
other fungi in this study in two other respects: 7) 
its failure to form mycelium, and 2) its production 
There 
is a possibility that the capsule may interfere with 


of an enormous capsular polysaccharide. 


the pyrogenicity of the yeast cell by enclosing the 
pyrogenically active material. This idea is sup- 
ported by reports that another encapsulated gram- 
positive organism, the pneumococcus, is also not 
pyrogenic upon intravenous injection of animals 
(10); and by our observation that a pyrogen ap- 
peared in supernates of cryptococcal suspensions 
after the cryptococcal cells were disrupted. 

In addition to the classical pyrogenic response 


PATHOGENIC FUNGI 


beginning after a short afebrile period, living fungi 
also produced a delayed response that sometimes 
Such 


delayed fever was observed mainly with Candida 


appeared after a 24 hour incubation period. 


albicans and persisted until the animal recovered 
or died. The kidneys and heart of these animals 
were studded with mycotic abscesses described in 
fatal human cases (6). 
following a protracted lag (or incubation) period 


This progressive fever 


appears to be unique to infection since it was never 
observed with dead fungi. The relationship be- 
tween the progressive fever associated with fungus 
infection and the fever following injection of dead 
fungi remains to be determined. Because the pro- 
tracted fever of candida infection (Figure 1) was 
accompanied by sterile blood cultures, and because 
a transferable pyrogen was present in sera from 
febrile animals, it is possible that either the fungus 
pyrogen or an endogenous pyrogen (11, 12) is re- 
leased from the heavily infected abscesses of the 


kidneys and other organs. 
2 s 


SUMMARY 


The mechanism of fever in fungus infections 
was studied by systematically examining patho- 
genic fungi for their capacity to induce fever in 
rabbits. Intravenous injections of viable Candida 
albicans, Blastomyces dermatitidis, Histoplasma 
capsulatum, and Sporotrichum schenckii produced 
fever, but cultures of Cryptococcus neoformans 
did not. 
two forms, depending upon the dose and _ the 


The fever fiom these live cultures took 
species of fungus: 7) An immediate fever resem- 
bling that produced by gram-negative bacterial 
lipopolysaccharides. This fever began 1 to 3 
hours after injection, lasted 7 to 8 hours, and 
sometimes produced biphasic curves with fever 
peaks of 1.5 to 4 A de- 


layed fever, beginning as late as 24 hours after 


F at 1 and 3 hours. 2) 


inoculation and persisting until death or re- 
covery from infection. 

The first type of fever curve was attributed to 
a heat-stable filterable fungus pyrogen, since the 
fever curve could be reproduced with autoclaved 
fungus cells or Seitz filtrates of fungus cultures. 
Unlike gram-negative bacterial pyrogens the fun- 
gus pyrogens did not cause tolerance to fever 
upon repeated daily injections and single massive 


doses did not produce a shock-like state. Instead, 
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one or more injections of the fungus pyrogen led 
to increased susceptibility to its toxic effects that 
produced death from hemorrhagic pneumonia. 
Aside from pyrogenicity, the main similarity be- 
tween fungus pyrogens and the pyrogens of gram- 
negatives, was the marked instantaneous neutro- 
penia and subsequent neutrophilia that followed 
intravenous injection. 

The second type of fever curve (i.e., the delayed 
persistent type) was believed to be a consequence 
of infection of the tissues. It was observed with 
experimental candidiasis and sporotrichosis and 
was not accompanied by positive blood cultures 
of the infecting fungus. For this reason, and be- 
cause a circulating pyrogen was found on the 
second day of infection, it is believed that either 


the fungus pyrogen or an endogenous tissue py- 


rogen is released from the infected tissues. 

The absence of fever after injection of crypto- 
cocci coincides with the clinical observation that 
this fungus disease alone is often characterized by 
little or no fever in the course of severe systemic 
human infections. 
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Hypertensive patients respond to chlorothiazide 
with a reduction of basal blood pressure while 
normotensive subjects do not (1, 2). This is in 
contrast to other known antihypertensive agents 
which lower blood pressure whether it is elevated 
or normal, The specificity of chlorothiazide raised 
the possibility that it might be a metabolic antag- 
onist of the unknown pressor mechanisms opera- 
tive in hypertension. Such a position has been 
taken by Wilkins, Hollander and Chobanian (2, 
3). Evidence from this and other laboratories, 
however, indicates that the initial antihypertensive 
effect of chlorothiazide is a consequence of plasma 
and total extracellular fluid contraction resulting 
4, 5). 


The evidence supporting this view follows. 1) 


from the saluretic action of the drug (1, 


The period of falling blood pressure parallels the 
salt loss and plasma volume reduction and does 
not precede or follow it (5, 6). 2) Massive ad- 


ministration of salt (average 25 g per day), suffi- 


cient partially to overcome the saluretic effect of 


the drug, tends to reverse the antihypertensive ef- 
fect (6). 
intravenous dextran infusions, either salt-contain- 


3) Restoration of plasma volume by 


ing or salt-free, results in partial reversal of the 
The failure 
of the normotensive subject’s blood pressure to 


antihypertensive action (5, 7, 8). 


fall after chlorothiazide could be due to a lesser 
saluresis and consequent reduction in plasma vol- 
ume or to some other mechanism. The present 
report is concerned with the further elucidation of 
this problem. 
METHODS 


AND MATERIALS 


The subjects were normotensive patients in the Mt. 
Alto Hospital, 
D. C., who were convalescing from a variety of illnesses 


Veterans Administration Washington, 
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(Table I). All 


asymptomatic at the 


not involving the circulatory system 


patients were ambulatory and 
time the studies were carried out. 
Twenty-four-hour urine samples were collected and 
analyzed for sodium and potassium in 6 subjects as de- 
scribed in a previous communication (8). Body weight 
was recorded daily for 3 days before and 3 days after 
the drug 
All sub- 


jects were placed on a diet containing 500 mg salt per 


chlorothiazide administration. The dosage of 


was 0.5 g orally 3 times daily in all instances. 


day and in addition were given 3.5 g of salt in tablet form 
in order to assure a constant salt intake during the study 
period. 

Reactivity to levarterenol (Levophed) was tested in 
14 additional subjects who were given the same diet, 
salt intake and chlorothiazide dosage as indicated above. 
In 10 of these 14 subjects the response to trimethaphan 
Reactivity to levarterenol 
30th 


agents were diluted in 5 per cent dextrose in water to 


(Arfonad) also was estimated. 


and trimethaphan was determined as_ follows. 


make up final concentrations of 4 mg levarterenol in 
1,000 ml and 500 mg trimethaphan in 500 ml. These were 
given intravenously by the method previously described 
(9). Control 


prior to chlorothiazide administration and the experi- 


titrations were carried out on the day 


mental infusions on the third day following chlorothia- 
zide. Immediately thereafter 500 ml of 6 per cent dextran 
in 5 per cent glucose in water was administered intra- 
venously over a period of 15 to 20 minutes. The infu 


TABLE I 


Cumulative negative balances (urinary losses only) 
of sodium and potassium and decrease in body 
weight in normotensive subjects given 1.5 g 
chlorothiazide daily 


After 3 days’ chlorothiazide 


Cumulative neg 
balance 
Decr. in 


Patient Age Na K body wt 


ne 


mEq 
Sey 56 208 
R.R. 28 258 
WS. 36 292 
H.B. 58 185 
C.M. 28 474 
P.K. 35 308 
Mean 287 
SD +103 


re FR One 
CO W & W OO 


He 
so 
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rABLE II 
Vean* arterial pressure, heart rate and hematocrit before and 
after chlorothiazide in 14 normotensive subjects 


Heart rate 
per min He: 


Mean* arterial 


pressure iatocrit 


After 
drug 


After 
drug Control 


After 
drug Control 


Control 
mm He 
88 
91 
100 
103 
91 
93 
105 
82 
91 
98 
90 
110 
99 
95 


a) 
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hos OO UN SI OO Un = 00 UN 
NwmOOSS 


Hm SNmY 
malaise geliasalia diced odie ik a a) 


Con ss 
— ES) 


95 
76 43.8 


79.5 44.4 


co aa 
oo 
= 


95.5 


systolic 


’” . + diastolic 
‘Mean”’ arterial pressure : ; 


» 


sions of levarterenol and trimethaphan were again re 
peated as soon as the administration of dextran was com 
pleted. Thus, 


fused at the same rates on three separate occasions: be 


levarterenol and trimethaphan were in 


fore chlorothiazide, following chlorothiazide, and after 


chlorethiazide plus dextran. Following each levarterenol 
infusion the blood pressure was allowed to return to the 
basal level and remain there for at least 10 minutes be- 


fore the trimethaphan infusion was begun 


RESULTS 


body 


Chlorothiazide produced essentially the 


Sodium and potassium losses, weight 
changes. 
same degree of sodium loss in the six nonedema- 
tous normotensive subjects studied as in non- 


The 


sodium 


edematous hypertensive patients (1, 8). 
“cumulative negative balances” (8) of 
following three days of continuous treatment with 
1,500 mg of chlorothiazide daily averaged 287 
(SD 103) mEq (Table 1). 
potassium was 108 (SD 41) mEq. 


The average loss of 
The mean de- 
crease in body weight was 2.0 (SD 0.7) kg. 

Basal blood pressure and heart rate. The basal 
blood pressure in the 14 normotensive subjects 
was essentially unchanged following chlorothiazide 


The blo rd 


sure averaged 94.7 before and 95.5 mm Hg after 


“mean” (systolic + diastolic /2 ) pres 


the drug (Table II]). This is in contrast to the 


reductions of basal blood pressure previously ob 


served in hypertensive patients treated with 
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chlorothiazide (1, 2). The average systolic pres- 
sure in the present group of normotensive sub 
jects decreased slightly from 118 to 114 mm Hg 
and the diastolic increased from 71 to 77 mm Hg 
possibly reflecting the decrease in plasma volume 
and compensatory vasoconstriction. The average 
heart rate increased slightly from 72 to 79.5 beats 
per minute (Table IT). 

Effects of chlorothiazide on pressor response to 
levarterenol infusion before and after dextran. 
The same rate of infusion of levartereno! was car 
ried out on three occasions: 1) during the control 
period, 2) after chlorothiazide, and 3) after res 
toration of plasma volume depletion with 6 per 
cent dextran in 5 per cent glucose and water. 
Effective infusion rates of levarterenol varied be- 
tween 0.14 and 0.45 yg per kg per minute in dif 
ferent subjects. In eight patients, the responses to 


several levels of levarterenol infusion were ob 


tained. However, only the responses to the high 
est infusion rate employed in each of these cases 


fit). 


During the control or prechlorothiazide period 


were used for statistical analysis (Table 


the mean elevation of S\ stolic blood pressure fol- 
lowing the infusion of levarterenol was 26.6 per 
(Table III). 


sponse of the systolic pressure to levarterenol was 


cent After chlorothiazide the re- 
significantly less than in the control period (mean 
0.02). 


the responsiveness to levarterenol again increased, 


rise, 17.9 per cent; p < Following dextran 
the elevation of systolic blood pressure averaging 
28.4 per cent. Thus, dextran administration was 


respt mse 


followed by a significant change in the 
t 


of the systolic pressure to levarterenol in the post- 
chlorothiazide period (p < 0.02). 

The elevation of diastolic pressure following 
levarterenol averaged 34.4 per cent in the control 
(Table III) After 


mean rise in diastolic blood pressure during the 


period chlorothiazide the 
was reduced 
0.01). 


The administration of dextran partially restored 


same rates of levarterenol infusion 


significantly (mean rise, 18.9 per cent; p < 


diastolic responsiveness, the mean elevation of 
diastolic pressure being 28.3 per cent. As com 
pared with the levarterenol response immediately 
preceding dextran, the change was significant at 
the 0.05 level. 

Effects of chlorothiazide before and after dex- 


tran on depressor responses to trimethaphan. Ef 
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rABLE Ill 


Per cent changes in systolic and diastolic blood pressure to infusions of levarterenol and trimethaphan before and after 
chlorothiazide and after chlorothiazide plus dextran* 


(A) (B) (C) 
Before After p value,t (B) After chlorothiazide p value, (C) 
chlorothiazide chlorothiazide compared to (A) plus dextran compared to (B) 


Response to levarterenol 


No. of subjects 


Sy stolic blood pressure 
Mean change (%) 
SD 

Diastolic blood pressure 
Mean change (“,) 
SD 


Response to trimethaphan 


No. of subjects 


Systolic blood pressure 

Mean change (%) ; . 

SD 1.2 05 >0.05 
Diastolic blood pressure 

Mean change (%) —11.1 —7. 

SD 14.9 >0.05 


* Tests were paired in that infusion rate of levarterenol or trimethaphan utilized in any one test in A was duplicated 
in Band C, 


Tt Value calculated as follows: 


} 
aa ISD (A)? SD (B)? ' 
SE (A-B) = 4] Se ’ = standard error of the difference 
\ n(A) n(B 


mean (A) — mean (B) 
SE (A-B) 


fective rates of infusion of trimethaphan varied be- for the entire group was — 1.4 kg. The hemato- 
tween 0.03 and 0.11 mg per kg per minute. The crits of the 14 subjects averaged 44.4 per cent be- 
modifying effects of chlorothiazide and chlorothi- fore chlorothiazide and 48.0 per cent following the 
azide plus salt-free dextran on the blood pressure drug (Table II). No cause was found for the 
responsiveness to trimethaphan were studied in decrease, rather than the expected increase, in he- 
10 subjects (Table II]). The mean reduction of | matocrit of Subject S.D. 

systolic blood pressure was 8.5 per cent in the 

control period and 14.9 per cent after chlorothia- DISCUSSION 


zide to the same levels of trimethaphan infusion. 
' ae td In nonedematous hypertensive patients the nega- 
Following dextran the fall in systolic pressure : : Lope ; P 
, <s : tive balance of sodium as estimated by urinary ex- 
during trimethaphan averaged 10.9 per cent. ' nat yi A ats 
ie: : ies ; cretion, during the first four days of treatment with 
[he mean decrease in diastolic pressure during eee St aes ras vx 
: a ag - : chlorothiazide averaged 250 mltq (1, 8), which is 
trimethaphan infusion was 7.0 per cent in the .. : ; 
5 ; aaF similar to the loss of sodium observed in the pres- 

control period, 11.1 per cent after chlorothiazide ; ; 
Re : h ent study in nonedematous normotensive subjects. 

and 7.6 per cent following dextran. Although — ,. ee : M9 ; 
: : ae The loss of body weight also was similar since the 

these alterations suggested that chlorothiazide en- aia | ) . . 
: ; é average weight loss was 2.0 kg in the hypertensive 
hanced the diastolic pressure fall produced by : ; 
: ‘ *, patients (8). Although plasma volume was not 
trimethaphan, and that dextran partially reversed oe ees 
both the systolic and diastolic responses, the estimated directly in the present investigation in 
changes were not statistically significant normotensive subjects, the significant elevations 
Twelve of the 14 subjects exhibited a decrease Of hematocrit indicated the presence of hemo 
in body weight greater than 0.5 kg following concentration due to plasma volume reduction. 


chlorothiazide. The mean decrease in weight It is probable, therefore, that the body fluid 
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changes were similar in both hypertensive and 
normotensive, nonedematous subjects. 

Despite the fact that the body fluid changes 
were similar in the previously reported hyperten- 
sive patients and in the present series of normo- 
tensive subjects, the normotensive group failed to 
exhibit a reduction of basal blood pressure after 
chlorothiazide. The hypertensive patient under 
similar conditions (hospitalization with 4.25 g 
salt intake daily) displayed a reduction of “mean” 
(systolic + diastolic/2) blood pressure averaging 
15 per cent less than the pretreatment level (1). 
It is of interest that this value is quantitatively 
similar to the 13 per cent reduction in the levarte- 
renol pressor response of normotensive subjects 
following chlorothiazide. 

The reduction of basal blood pressure in the hy- 
pertensive patient could be due to a specific antag- 
onistic effect of chlorothiazide on the unknown 
pressor factors which maintain essential hyper- 
tension. But it could also be due to a nonspecific 
decrease in “reactivity” to any or all types of 
Evidence for the latter is 


pressor influences. 


provided in these studies. Reactivity to a con- 
trollable pressor stimulus, namely, levarterenol 

Simi- 
Merrill, 
Guinand-Baldo and Giordano, in hypertensive pa- 
tients (10). Blackmore found in 
normal dogs that chlorothiazide reduced reac- 


infusion, was reduced after chlorothiazide. 


lar observations have been made by 


Beavers and 


tivity to a variety of pressor agents (11). 

Previous reports have shown that repletion of 
plasma volume with infusions of dextran, either 
salt-containing or salt-free, combats the depressor 
effect of chlorothiazide in hypertensive patients 
(5,7, 8). The present studies indicate that res- 
toration of plasma volume depletion with. salt- 
free dextran combats the altered blood pressure 
responsiveness produced by chlorothiazide in nor- 
motensive subjects. It seems possible, therefore, 
that both the reduction of basal blood pressure in 
hypertensive patients and the altered reactivity 
seen in either hypertensive or normotensive sub- 
jects is due at least in part to the reduction in 
plasma volume. 

An objection has been raised that the above con- 
cept does not explain the long-term antihyperten- 
sive effects of chlorothiazide (3, 12). After sev- 


eral months of continuous treatment the plasma 


FREIS, WANKO, SCHNAPER AND FROHLICH 


volume often is retored despite continued reduc- 
tion of blood pressure (8). However, the mecha- 
nism of action of antihypertensive agents is diffi- 
cult to interpret after long continued treatment 
because the severity of the hypertension may abate 
under the effects of prolonged blood pressure con- 
trol (13), and drug tolerance may enter to fur- 
It seems unlikely that 
chlorothiazide blood 
mechanism initially and by an entirely different 


ther confuse the picture. 
reduces pressure by one 
mechanism at a later time. 

The failure of chlorothiazide to influence sig- 
nificantly the depressor response to trimethaphan 
was surprising in view of the clinical observations 
that chlorothiazide enhances the effectiveness of 
ganglion-blocking drugs in hypertensive patients 
(1, 2, 4). However, it is evident from the re 
sults in Table III that the blood pressure of the 
supine, normotensive subject is not very respon- 
This provided a rela- 
It is 


possible that significant changes would have been 


sive to ganglion blockade. 
tively insensitive test subject for the study. 


found if the more responsive hypertensive patients 
had been used. 


SUMMARY 


Chlorothiazide lowers basal blood pressure only 
in hypertensive and not in normotensive individu- 
als. However, after chlorothiazide in normoten- 
sive subjects, reactivity is reduced to levarterenol. 
The saluretic response, weight loss and decrease 
in plasma volume following chlorothiazide are 
similar in hypertensive and normotensive subjects. 
Plasma volume replacement with salt-free dextran 
which tends to restore pretreatment basal blood 
pressure in hypertensive patients also tends to 
restore pretreatment responsiveness to levarte- 
renol in normotensive subjects. 


blood 


pressure is lowered by chlorothiazide specifically 


These observations suggest that basal 
in the hypertensive patient because the reduction 
in plasma volume produced by the drug diminishes 
blood pressure responsiveness to the unknown 
pressor mechanisms operative in that disorder. 
This concept does not rule out the possibility that 


additional factors may contribute to the antihy- 


pertensive effects of chlorothiazide and other salt- 


depleting procedures. 
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7. Freis, E. D. The effects of salt and extracellular 
fluid depletion on vascular responsiveness with 
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Recent studies have indicated that the activity 
of lipoprotein lipase in rat adipose tissue is related 
to the nutritional state of the animal. Fasting in- 
duces a fall in the activity released from surviving 
tissue by heparin and in the activity of homoge 
nates of adipose tissue, while glucose and insulin 
in vitro increase the heparin effect on the release 
of lipase from surviving adipose tissue of fasted 
rats. Glucose and insulin also prevent the fall in 
activity that occurs when tissue from fed or fasted 
animals is pre-incubated in buffer before prepara 
tion of the homogenates (1). 

Previous observations by Zemplényi and Graf 
netter suggest that the lipolytic activity of rat myo 
cardium increases on fasting (2), and since ex 
tracts of heart tissue contain lipoprotein lipase 
(3) it was considered of interest to study the ef 
fect of fasting on the activity and release of this 
enzyme from heart tissue. The possibility that 
similar activity might be found in another repeat 
edly was also 


contracting muscle, diaphragm, 


i xp red 
METHODS 


Male 


with sodium pentobarbital and the heart or diaphragm 


albino rats 150 to 200 g) were anesthetized 


excised and trimmed, rinsed quickly with Krebs-Ringer 
phosphate buffer and then sliced or homogenized. 
In the experiments in which slices of either heart or 


(iaphragm were used the following procedure was fol 
lowed. The diaphragm was cut into two approximately 
100 mg pieces; 


rate flask 


each piece was then placed in a sepa- 


The heart was opened with scissors and then 
slices, 


a razor blade into multiple small 


weighing 25 mg or less 
100 mg in total 


Che time 


sectioned with 


each Two groups of slices, 


each approximately weight, were then 


placed in separate flasks from excision of the 


tissue until the slices were placed in the incubation me 


supported by A-1567 and 
Institutes of Health, 
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(rants 
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Canada Present MeGill Clinic, 
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address University 


dium rarely exceeded 2 minutes. To one of each pair 
of flasks was added 125 wg of heparin per ml (Liquae- 
min, Organon, 10 mg per ml). The incubation medium 
(unless specified otherwise) consisted of 4.5 parts Krebs 
Xinger phosphate buffer, pH 7.4, 4.5 parts normal human 
fasting serum, and 1 part 5 per cent coconut oil emulsion 


( Ediol, 


buffer contained 5 per cent of 


Schenlabs). In all experiments the phosphate 
human albumin, the al- 
bumin having been freed of fatty acids by extraction with 
an acidified 4:1 


with 


isopropanol: heptane mixture (4), 


washed absolute alcohol, dried, and dissolved in 


water with adjustment of pH to 7.4 with sodium hy 


droxide 


Incubation was carried out in a Dubnoff shaker at 37 
( under air. At the end of 1 


moved, weighed, and the free fatty 


hour the tissue was re 
acid content of a 


sample of the medium determined by the method of 


Dole (4). 


another hour when the medium was again sampled. The 


Incubation of the medium was continued for 


activity of the lipase in the medium was estimated by the 
change in the free fatty acid content of the medium over 
the second hour; this was expressed as microequivalents 
of fatty acid produced per gram of tissue per hour. On 
incubation of the medium alone was attended 
When this oc 
from that occurring 


occasion, 
by a small rise in fatty acid content 
curred, this change was subtracted 
in the vessels containing tissue 

In experiments in which homogenates were used, ap 
proximately 100 mg of heart or diaphragm was minced, 
weighed, and then crushed in a glass homogenizer con 
medium used in the studies 


then 


taining 5.5 ml of the same 


on intact tissue; 4 ml of this mixture was incu- 
bated for 2 hours under the conditions described ahove 
The mixture was kept frozen from the time the tissuc 
was placed in the medium until the start of incubation, 
except during the brief period required for homogeniza 
tion. The lipolytic activity was determined by the change 
in free fatty acid content of the mixture during incuba- 
tion and this was expressed as microequivalents of fatty 
acid produced per gram of tissue per hour. 


RESULTS 


The release of lipolytic activity from slices of 


rat heart and diaphragm. The release of lipolytic 


activity from pieces of heart and diaphragm of 


fed and fasted rats and the effect of heparin on 


this activity are illustrated in Figure 1. In each 
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LIPASE ACTIVITY OF 


FFA 
HEq /G/Hr DIAPHRAGM 
514 
484 0 Control 
65 in 
a] B Hepor 
39 + 
36 4 
33+ 
30 + 
27 + 
24 4 
21 4 
16 4 
15 4 
12 4 
94 
64 

34 





RAT 


HEART AND DIAPHRAGM 


HEART 








° 
Fed 


(3-4 Doys) 


Fic. 1. 


DIAPHRAGM. Statistical analysis : 


Control fed vs. control fasted heart: 0.05 < p< 0.1. 
Heparin effect on fed vs. fasted heart: 0.01 < p< 
Number of animals indicated at foot of each column in 


fasted diaphragm: p < 0.01. 
0.05. Brackets: SE. 
this and succeeding figures. 


instance the effect of heparin was to increase the 
lipolytic activity in the medium, as shown during 
the second hour of incubation when tissue was no 
When the animals were fasted 
for 72 to 96 hours the heparin effect with both 


longer present. 


tissues was significantly increased, while a fast of 
48 hours produced a smaller change. As reported 
by Cherkes and Gordon (5), a fasting interval 
of 24 hours or less did not alter the heparin re- 
One M 


hibitor of 


sponse. sodium chloride, a known in- 


lipoprotein lipase (3), substantially 


reduced the activity that had been released by 


TABLE 


Inhibition by 1 M NaCl of lipase released by heart and 
diaphragm slices* 


Per cent 
Tissue inhibition 
Fed diaphragm 70 
Fasted diaphragm (3 days) 96 
Fed heart 88 
Fasted heart (3 days) 94 


* Two groups of slices from each tissue were incubated 
separately in a medium of 1.8 ml serum, 0.45 ml albumin 
and 125 yg/ml heparin for 1 hour. Tissue was then removed 
and 1.35 ml phosphate buffer added to one flask, and 1.35 
ml of the buffer containing 0.156 g/ml NaCl to the other. 
After 5 minutes of incubation at room temperature, 0.4 ml 
of 5% coconut oil was added to all flasks and the free fatty 
acid change measured over an ensuing hour of incubation. 





control vs. heparin: p < 


(3-4 Days) 


THE RELEASE OF LIPOPROTEIN LIPASE FROM SLICES OF RAT HEART AND 


0.01 in each instanee. 
Heparin effect on fed vs 


heart and diaphragm slices from fed or fasted 
animals (Table I). 

These results indicate that a lipase similar to 
lipoprotein lipase was released from slices of rat 
heart and diaphragm. It has been demonstrated 
that heparin added in vitro causes a release of lipo- 
protein lipase from adipose tissue (1, 5), and it 
is likely that a similar process occurred in the 
present experiments. It is difficult, however, to 
attribute the effect of heparin solely to an effect 
on enzyme release; in experiments using heart 
tissue from fasted rats, heparin produced a two 
to threefold increase in the lipolytic activity of the 
medium when it was added only after the tissue 
had been removed. This is analagous to the effect 
of heparin on partially purified enzyme prepara- 


tions (3). It is therefore probable that both 


processes, increased release of enzyme and activa 


tion of enzyme in tissue and medium, contributed 
to the total response to heparin noted. 

Lipolytic activity of homogenates of rat heart 
and diaphrgam. The effect of fasting on the lipo 
lytic activity of homogenates of rat heart and 


? 


diaphragm is illustrated in Figure 2. The activity 


of heart homogenates was consistently greater 
than that of diaphragm while the activity of both 


tissues increased progressively as fasting’ was 
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rABLE II 


The effect of pre-incubation on the lipolytic activity of homogenates of heart and diaphragm from four-day fasted rats* 


Diaphragm Heart 


Initialt 3-Hourt Initial 3-Hour 


Serum $ No serum Serum No serum No serum Serum No serum 
144 62 ; 108 

53 26 3 : 173 

76 32 


88 23 
Mean 90 42 36 


* Lipolysis expressed as microequivalents per gram per hour 


+ Tissue homogenized immediately on removal from animal. 
t Tissue incubated in phosphate buffer for 3 hours and then homogenized. 


§ Serum: the medium consisted of 4.5 parts serum, 4.5 parts phosphate buffer with 5°% albumin and 1 part 5 


coconut oil. 


« 


No serum: the medium consisted of 9 parts phosphate buffer with 5°% albumin and 1 part 5°% coconut oil 


prolonged. The greater effect of heparin when tis- 
sue slices from fasted ajimals were used was 
thus probably a reflection of the increased activity 
of lipoprotein lipase in the’tissue. These findings 
are in contrast to those with adipose tissue in 
which fasting induced a fall in the lipoprotein lipase 
activity of the tissue homogenates (1). 

Since the optimal substrate of lipoprotein lipase 
is a lipoprotein-triglyceride mixture (6), an at- 
tempt was made to characterize the activities of 
heart and diaphragm homogenates by noting the 


FFA 
HE q/G/Hr 


0 DIAPHRAGM 


g HEART 





effect on these activities of omitting serum, and 
hence lipoprotein, from the medium. In these ex- 
periments one piece of tissue was homogenized 
in the medium described above, while a second 


piece was ground in a medium of similar composi- 


tion except for the absence of serum; the total 


volume of the medium and the concentration of 
The 
Addition of serum 


coconut oil was the same in both instances. 
results are shown in Figure 3. 
to the coconut oil substrate increased the activity 
of heart homogenates from fed and fasted animals 





Days of Fasting 


Fic. 2. LipoLyTic ACTIVITY OF 


Statistical analysis 
3- or 4-day fast: p 
0.01. 


0.01. 
4-day fast: p< 


HOMOGENATES OF 


(Heart) fed vs. 2-day fast: p> 0.1; 


HEART AND DIAPHRAGM 


(Diaphragm) fed vs. 2-day fast: 0.01< p< 0.05; fed vs 


2 


fed vs. J- or 





LIPASE ACTIVITY OF 


FFA 
HEq/G/ur 


DIAPHRAGM 


0 Serum Present 


Z Serum Absent 





RAT 


HEART AND DIAPHRAGM 








Fasted 


(3 Days) 


Fic. 3. LipoLytic ACTIVITY OF 


WITH AND WITHOUT 

and of diaphragm homogenates from fasted rats. 
It had little effect when diaphragm tissue from fed 
rats was used. As shown in Table II, the activity 
of both tissues from 4-day fasted animals fell when 
the intact tissues were incubated in buffer for 3 
At the end of this 
incubation, heart tissue was still considerably more 
with the 
diaphragm only slightly so. 


hours before homogenizing. 


active serum-coconut oil substrate but 

Inhibition by protamine was studied by adding 
900 pg per ml of protamine to a homogenate of 
This 


mixture was shaken at room temperature for 5 


tissue in phosphate buffer and albumin. 


minutes and then an aliquot of the mixture was 
added to serum and coconut oil, the ingredients 


being present in the ratios previously described. 


rABLE III 


The effect of protamine on the lipolytic activity of 
rat heart and diaphragm* 


Diaphragm Heart 


Tissue homogenized in Fed Fastedt Fed Fasted 

Complete mediumt 98 371 

Buffer-albumin§ 29 34 265 

Buffer-albumin§ 2 11 101 
+ protamine 


* Lipolysis expressed as microequivalents per gram per 
hour. 

+ Four days. 

t Incubated immediately at 37° C. 

§ Incubated at room temperature for 5 minutes, remain- 
ing medium then added and incubation at 37°C com- 
menced, 


HOMOGENATES OF 
SERUM IN THE 


(3 Days) 


HEART AND DIAPHRAGM 


MEDIUM. 


A control specimen was treated in the same way 
third 
piece of the same tissue was homogenized in the 
Sam- 
pling and incubation were carried out as described 
As dem 


onstrated in Table II{, protamine consistently in- 


without protamine. In some instances a 


entire medium and incubated immediately. 
for the other homogenate experiments. 


hibited the lipolytic activity of homogenates of 
heart tissue prepared from either fasted or fed 
animals, but its effect on diaphragm was negligible. 
As is also shown in this table, homogenates of 
heart or diaphragm from fasted animals rapidly 
lost activity when allowed to stand for short pe- 
riods before introduction of substrate. 

To determine whether fasted tissue contained 
factors that might increase the activity of fed tis- 
f fed 
tissue would inhibit the activity of homogenates 


sue, or conversely, whether homogenates 


from fasted animals, the activity of mixtures of 
tissues from fed and 4-day fasted animals was 
compared with activity predicted on the basis of 
The 


summarized in Table IV indicate that activation 


the behavior of each tissue alone. results 
of fed tissue by fasted tissue or inhibition of fasted 
tissue by fed tissue could not be demonstrated by 


this means. 
DISCUSSION 
The characteristics of the lipolytic activity of 
homogenates of heart tissue from fed and fasted 
animals are similar to those noted by Korn in 
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TABLE IV 


Predicted and observed lipolytic activity of fed and 
fasted tissues homogenized together 


Lipolysis* 


Tissue Predicted Observed 
4.2+0.5 
11.3+0.3 


4.8+0.7} 
12.2+1.5 


Diaphragm 
Heart 


* Lipolysis expressed as microequivalents of free fatty 
acid produced. The medium consisted of 4.5 parts serum, 
4.5 parts phosphate buffer with 5°% albumin and 1 part 
5% coconut oil. 

7 Standard error. 


extracts of rat heart tissue (3), suggesting that 


lipoprotein lipase provides the major portion of 


the lipolytic activity of heart tissue. The greater 
effect of heparin when heart tissue from fasted 
animals was used suggests that the increase in 
lipolytic activity of heart homogenates with fasting 
is due mainly to an increase in lipoprotein lipase 
activity. 

The nature of the activity of diaphragm, how- 
ever, is not so clear. There is undoubtedly some 
lipoprotein lipase activity present in diaphragm 
which rises with fasting, as is evidenced by the 
heparin effect on tissue from fed animals and 
The fail- 


ure of the serum-triglyceride mixture to serve 


the increase in this effect with fasting. 


as a better substrate than the triglyceride alone 
when homogenates of diaphragm from fed animals 
or from fasted animals that had been pre-incu- 
bated were used, suggests that in these instances 
the major activity may be of a type other than 
lipoprotein lipase. Moreover, no evidence of 
inhibition by protamine was observed in homoge- 
nates of diaphragm as there was just as great a 
reduction in activity without protamine as with it 
during the pre-incubation interval. This might 
be explained by a greater lability of lipoprotein 
lipase than of the residual activity and by the find- 
ing that the latter is not susceptible to inhibition 
by protamine. 

The factors that induce the changes in lipopro- 
tein lipase activity on fasting in heart and dia 
phragm remain to be elucidated. Whatever these 
factors, the changes produced are sufficiently strik- 
ing to suggest that they may play an important 
role in the adaptation of the organism to fasting. 


The process by which chylomicrons are taken 
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up by various tissues has not as yet been clearly 
defined; It is possible that, at least in some tis- 
sues, hydrolysis of the triglyceride is a necessary 
accompaniment of tissue uptake. Since the opti- 
mal substrate of lipoprotein lipase is a lipoprotein- 
triglyceride complex such as chylomicrons (6), 
changes in the activity of this enzyme in various 
areas may well affect the tissue distribution of 
circulating triglyceride. Recent studies by Brag- 
don and Gordon (7) have shown that fasting in- 
duces in the rat profound alterations in the tissue 


When the 


chylomicrons were administered following a 20- 


distribution of labeled chylomicrons. 


hour fast, less of the label was found in adipose 
tissue and more in heart tissue than when fed ani- 
mals were used. These changes parallel in di- 
rection the changes in lipoprotein lipase activity 
induced by fasting in these two tissues, although 
they precede the demonstrable change in heart 
activity by 24 to 48 hours. 
aids in the tissue uptake of chylomicrons, the fall 


If lipoprotein lipase 


in activity of this enzyme in adipose tissue with 
fasting would permit the fasted organism to di- 
vert more of the circulating triglyceride to tissues 
such as heart where this nutrient could be readily 
taken up. As prolongation of fasting is associated 
with a progressive rise in lipoprotein lipase ac- 
tivity in diaphragm and heart, a more extensive 
removal of chylomicrons from the circulation by 


these tissues may occur as fasting progresses. 


SUM MARY 


Slices of rat heart and diaphragm were incu- 
bated for one hour in a triglyceride medium with 
and without heparin; the slices were then removed 
and the lipolytic activity of the medium measured 
over the ensuing hour. Heparin significantly in- 
creased the activity in the medium both with tis- 
sues from fed or fasted rats, the effect of heparin 
being greatest when animals fasted for three to 
four days were used. 

Homogenates of heart tissue had greater lipo- 
lytic activity than did those of diaphragm, the ac- 
tivities ot both tissues increasing progressively 
with fasting. The characteristics of the activity 
of heart homogenates were similar to those of 
lipoprotein lipase while the characteristics of dia 


phragm differed in certain respects. 





LIPASE ACTIVITY OF RAT 


It is suggested that the activity of lipoprotein 


lipase in various tissues may, in part, determine 


the tissue uptake of circulating triglyceride. The 
similarity in the direction of change produced by 
fasting in the distribution of isotopic label from 
chylomicrons and in the lipoprotein lipase activity 


in rat heart and adipose tissues supports this view. 
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The route of absorption of steroids from the 
gastrointestinal tract seems to be largely deter- 
mined by the chemical nature of the compounds. 
Methy] (1), 
(2), and cortisone acetate (3) are absorbed in the 
Studies from 


testosterone 17a-methyl estradiol 
rat by way of the portal circulation. 
this laboratory in human subjects showed that 
testosterone, cortisol, cortisone acetate, and corti- 
costerone are also absorbed in this manner and 
are virtually absent from the lymph (4). In con- 
trast, absorption of cholesterol into lymph of the 
rat (5, 6) and dog (7) accounts for essentially all 
of the sterol that enters these species from the diet. 
\Ithough it might be anticipated from these ani- 
mal studies and from the nonpolar nature of the 
molecule that cholesterol would be absorbed via 
the lymph in human subjects, it was of interest to 
test this directly, since some aspects of steroid 
metabolism in the laboratory animal are different 
from those observed in man (8-10). By means 
of cannulation of the thoracic duct and the admin- 
istration of labeled cholesterol, it has been possible 
for the first time to study directly the absorption 
and esterification of cholesterol in man. These 
studies have demonstrated that dietary cholesterol 
is largely absorbed through the lymphatics and 
that the major portion is esterified during the ab- 
sorptive process. 

AND 


MATERIAL METHODS 


The clinical data concerning the subjects are given in 
Table I. 
left thoracic duct at operation as described previously 
(4). from the 
thoracic duct cannula at predetermined time intervals and 
The pa- 


A polyethylene catheter was inserted into the 


The lymph was continuously collected 


blood samples were withdrawn periodically 


* This investigation was supported by a grant from the 
American AT30-1 910 with 
the United States Atomic Energy Commission; and re 
search grants from the National Heart Institute (H-2157) 
(CY-3207 ), Bethesda, 


Cancer Society; Contract 


and the National Cancer Institute 
Md 


tients were maintained in fluid and protein balance by 
the infusion of appropriate quantities of electrolytes and 
salt-free albumin during the period that large volomes of 
lymph were being removed. 

Cholesterol-14, 15-H?® 
given to 1 subject while cholesterol-4-C* was adminis- 


and sodium acetate-2-C™ were 


tered to 3 other patients. The radioactive compounds 


were given orally and the amounts are listed in Table I. 


Radiochemically pure free and ester cholesterol were 


isolated from plasma and red cells by methods that have 
(11). 


also obtained from lymph by 


been described Free and ester cholesterol were 


the same procedures, but 
in a few instances lymph was deproteinized with acetone- 
alcohol, the solution was concentrated, and the portion of 
that ether 
chromatographed on alumina to isolate free cholesterol 


the residue was soluble in petroleum was 


and cholesterol esters. 


C™ radioactivity was determined by counting choles 
terol digitonide mounted on stainless steel planchets in 
(12). 
also measured by combustion of cholesterol digitonide and 
(43):; 


reducing the 


a windowless gas-flow counter C™ activity was 


counting the carbon dioxide tritium was deter- 


mined in the same sample by water pro- 


duced by the combustion to hydrogen and counting in 


the proportional region (14). 
RESULTS 


Figure 1 shows the specific activity of lymph 
and plasma cholesterol-C'* observed over 75 hours 
following the oral administration of cholesterol- 
4-C™* to Subject W.I. 
cholesterol attained a peak specific activity at 8 


The lymph free and ester 
hours. It should be noted that ester cholesterol 
appeared promptly in the lymph although free 
The specific ac- 


cholesterol administered. 


tivity of the lymph ester cholesterol is equal to 


was 


or greater than that of the free cholesterol, es- 


pecially during the first 30 hours of the experi- 
Cholesterol analyses of this lymph at vari- 


ment. 
ous intervals showed that an average of 65 per 
cent of the sterol was esterified (Table I). Since 
there was a greater total amount of ester choles- 
terol of high specific activity in the lymph of Sub- 
ject W.I., 


been achieved in the intestinal mucosa. 


esterification of cholesterol must have 
The spe- 
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ABSORPTION VIA 


THORACIC DUCT IN MAN 


TABLE I 


Clinical data and administration of radioactive compounds 


Lymph 
cholesterol (avg.) 
Diagnosis, 
cancer Total Ester flow 


Subject, age* 


or ¢ 


me c C 
W.L., Larynx 80 68 48 
(laryngectomy) 
Tonsil 55 
Tonsil 


Lip 


59 


M.O., 7 
: 58 


Aik 
W.E., 55 


* All were men. 
t Disintegrations per min. 


cific activity relationships of free and ester lymph 
cholesterol can perhaps be explained by the ex- 
periments of Swell and colleagues (15) who fed 
cholesterol-4-C"* to rats and found that the radio- 
active cholesterol present in the intestinal mucosa 
was largely in the free form. This would suggest 
that esterification occurs in conjunction with the 
transport of the newly absorbed cholesterol from 
the cells of the mucosa into the lymph. There- 
fore, the relative quantity of the mucosal choles- 
terol which is esterified would largely dete-mine 
the proportion of lymph free and ester cholesterol 
as well as their specific activities. 

27 


During the period of lymph collection, over 


per cent of the radioactive cholesterol was ab- 


sorbed by this route (Table Il). The lower set 


of curves in Figure 1 shows the specific activity 


10% 


3 
o 


OPM/mM CHOLESTEROL 


Lymph 


ml /hr 


Compound 


administered Wt. of comp Radioactivity 


me dpmt X10 
Cholesterol-4-C" 13.6 
Cholesterol-4-C™ $1.0 
Cholesterol-4-C™ 1.2 
Cholesterol-14, 15-H# a 
Sodium acetate-2-C™ 9 


of 
with that in lymph. 


plasma cholesterol observed simultaneously 
During the period of active 
absorption into the lymph, the plasma cholesterol 


attained a specific activity of approximately 1.5 
TABLE II 


Distribution of radioactivity from labeled cholesterol 


Cumulative 
radioactivity 
in feces 


Cumulative 
radioactivity 
in lymph 


Max. incorp. 
radioactivity 


Subject, < into plasma 


a re 
M.O., 

Pen 
W.E., 55 


* Percentage of administered radioactive cholesterol. 

t Elapsed time in hours, [ J. 

t Calculated from specific activity of plasma cholesterol 
and size of plasma and liver cholesterol pool (16). All 
other values by direct measurement of total radioactivity. 


@—@ LYMPH FREE 
@-@ LYMPH ESTER 
O—O PLASMA FREE 
O--0 PLASMA ESTER 


ie Sere 
a 











INCORPORATION OF ORAL 


CHOLESTEROL-4-C'!4 


INTO LYMPH AND 


PLASMA CHOLESTEROL; SuByECcT W.I. 
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per cent of that in the lymph. The low value for 
the specific activity of plasma cholesterol is due 
to the fact that the principal lymphatic outflow 
from the intestine was diverted from the body 
through the cannula and only small quantities of 
lymph could reach the circulation through col- 
lateral channels. The labeled cholesterol in this 
small quantity of lymph was then diluted with the 
pre-existing unlabeled circulating sterol pool to 
yield plasma cholesterol of low specific activity. 
The total quantity absorbed through these col- 
lateral channels approximated 1 per cent of the 
administered radioactivity. These values are given 
in Table II and can be calculated from the specific 
activity of plasma cholesterol and the size of the 
plasma and liver cholesterol pool which are known 
to be in isotopic equilibrium (16). 

The rate curves of the specific activity of free 
and ester cholesterol in the plasma and lymph of 
Subject M.O. are presented in Figure 2. The 
specific activity of lymph ester cholesterol during 
the time of maximal absorption was about 1.5 
times that of free sterol. It can be seen in Figure 
2 that the specific activity of plasma sterol was less 
than 1 per cent of that of lymph cholesterol. 
About 0.3 per cent of the radioactivity was pres- 
ent in the circulation as compared with 4.5 per 
cent which appeared in the lymph that was drained 
off (Table IT). 

In Subject P.U., 
4-C'*, the specific activity of lymph free choles- 
that of 
terol, but both of these were over 50 times the 


who also received cholesterol- 


terol was higher than ester choles- 


2106 


108 -_— *-- 
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Fic. 3. 
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INCORPORATION OF ORAL CHOLESTEROL-4-C™ 


LYMPH AND PLASMA CHOLESTEROL ; St BJECT 


specific activity of plasma sterol, as can be seen 
in Figure 3. Approximately 27 per cent of the 
administered dose was accounted for in the lymph, 
10 times that in the 


In this subject where measurement 


which is over circulation 
(Table II). 
of fecal radioactivity was practicable, 42 per cent 
was eliminated by this route after six days. 
Subject W.E. was given cholesterol-14, 15-H’, 
and during the 10 hours in which observations 
were made, he absorbed approximately 10 per cent 
of the the 
lymph. Collection of lymph had to be discontinued 


radioactive cholesterol in intestinal 
at this time due to blockage in the cannula, but it 
can be seen in Figure 4 that the sustained peak 
specific activity of lymph free cholesterol indicates 
that cholesterol absorption continued for at least 
this period of time. The specific activity of cho- 
lesterol-H* in the plasma was approximately 0.1 
per cent of that in the lymph and from this it can 
be calculated that 0.2 per cent of the dose ap- 
peared in the circulation (Table II). 

Subject W.E. 
ously with the oral dose of tritium-labeled cho- 


received C'*-acetate simultane- 


lesterol. This procedure permitted a study of 
lymphatic transport of endogenously synthesized 
cholesterol in order to provide comparison with 
the data concerning exogenous cholesterol. Fig- 
ure 5 shows the specific activity of lymph and 
plasma cholesterol of biosynthetic origin in this 
subject. The free cholesterol-C'* of plasma has 
the highest specific activity through the 10-hour 
period of observation. The lymph free cholesterol 
specific activity paralleled that of the plasma but 


was only about one-fifth of the value. Both the 
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lymph and plasma ester cholesterol have similar 
specific activities except for the two earliest val- 
ues of lymph ester cholesterol at 26 minutes and 
55 minutes after administration of the precursor ; 
these values higher than 


were corresponding 


plasma ester cholesterol specific activities. Since 
the only material of high specific activity avail- 
able at this time is the plasma free cholesterol, 
it is tempting to assume that the two early samples 
of lymph ester cholesterol were derived by the 
esterification of plasma free cholesterol in the 
intestine. The shape and magnitude of C**-la- 
beled plasma free and ester cholesterol radioactivity 
curves are generally similar to those of intact 
subjects. This would be expected if the sodium 
acetate-2-C'* fed to the patients with cannulated 
thoracic ducts was absorbed into the portal cir- 
culation and transported to the site of cholesterol 
Meas- 
urement of the total radioactivity in the lymph 
and plasma of Subject W.E. showed that 20 min- 


synthesis by a route not involving lymph. 


utes after ingestion of the labeled sodium acetate, 
the radioactivity in plasma was seven times greater 
than that in an equal volume of lymph; the shape 
of the curves shows that this difference was much 
larger in the initial moments of the experiment 
(Figure 6). 

The specific activity of endogenous (C™) cho- 
lesterol in the lymph was lower than the corre- 
sponding values in plasma and could be due to 
three factors: 1) dilution of lymph cholesterol by 
unlabeled sterol from the intestinal mucosa at the 


start of the experiment; 2) continuous dilution by 
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dietary cholesterol; 3) the possible operation of 
an ultrafiltration process between plasma and 
lymph which might remove lipoprotein containing 
newly labeled cholesterol. 


DISCUSSION 


1. Absorption of cholesterol. These studies on 
the direct measurement of cholesterol absorption 
into lymph in man are in substantial agreement 
The data 
indicate that the lymphatic system of the intestine, 
rather than the portal circulation, is the route 
From 4 


to 27 per cent of the orally administered cho- 


with earlier results obtained in animals. 


through which cholesterol is absorbed. 


lesterol was absorbed in patients in this study 
over periods of time varying from 8 to 80 hours. 
In rats, from 2 to 49 per cent of the administered 
dose was absorbed (6, 17-19), and Blomstrand 
and Ahrens calculated that 20 per cent of the ad- 
ministered cholesterol was absorbed in a patient 
with chyluria (20). This relatively wide range 
of cholesterol absorption agrees with the range 
of 8 to 33 per cent previously reported from this 
(21). 
tions might be anticipated because of the many 


laboratory in intact subjects These varia- 
factors involved in cholesterol absorption, includ- 
ing the amount of cholesterol (22, 23), fat and 
fatty acids (24, 25), presence of bile salts (17, 
19, 26, 27), pancreatic secretion (17, 25, 28), 
and other sterols (23). 

The amount of labeled cholesterol which ap- 
peared in the plasma was only a small fraction of 
the amount in the lymph. This result is consistent 
with the conclusion that lymph is the principal, if 
not the only, route for the transport of newly ab- 


sorbed cholesterol from the intestine. It is to be 
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anticipated that small amounts of cholesterol would 
enter into the circulation despite the diversion of 
the major portion of the intestinal lymph from the 
body. It is known from anatomical and _ radio- 
graphic studies that a right thoracic duct as well 
as other auxiliary lymphatic channels transport a 
significant amount of lymph in many subjects 
(29). However, there is little question that the 
left thoracic duct was the main route of absorption 
It is of 
struc- 


in the four subjects of this investigation. 


interest that substances of similar formal 
ture, but differing in polarity, such as cholesterol 
and steroid hormones (testosterone, cortisol) are 
absorbed through different routes (4). 

2. Esterification of lymph cholesterol. 
most of the 


Although 


free cholesterol was administered, 
newly absorbed cholesterol in lymph was esteri- 
fied. 


cholesterol in lymph was present as ester, which 


From 50 to 80 per cent of the radioactive 


is quite similar to values observed in rats (6, 17, 


22, 30) and dogs (7). Animal studies indicate 


that esterification with fatty acid occurs before 
the appearance of newly absorbed cholesterol in 


the lymph (5, 22-25, 27). Cholesterol in the 


free form appears to be the material actually 
transported from the intestinal lumen into the 


mucosa. Esterification of the free sterol then 


takes place in the mucosa during transport into 


the lymph (15, 27). In contrast, Favarger and 


Metzger report that, in the dog and rat, free 
cholesterol was absorbed into the lymph and was 
esterified by esterases present in that fluid (31). 


in Figure 5, which illustrates the incorporation of 
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acetate into lymph and plasma cholesterol, the 
lymph ester cholesterol has a greater specific ac- 
tivity than does the corresponding lymph free 
cholesterol during the first two hours. Since 
plasma free cholesterol is initially labeled in the 
biosynthetic process, it seems probable that the 
newly synthesized radioactive cholesterol of the 
plasma may be esterified in the cells of the in- 
testine and directly thereafter appears in the lymph 
as ester cholesterol. An alternative explanation 
is that some cholesterol may be biosynthesized 
from acetate in the intestinal wall and esterified as 
it appears in the lymph. In the intestinal lumen, 
the cholesterol is composed of a mixture of dietary 
sterol, cholesterol secreted from the intestinal wall, 
and biliary cholesterol secreted from the liver. 
It is realized that this is not a homogenous pool 
of cholesterol but one in which the relative cho- 
lesterol contribution from each source might vary ; 
indeed, it is possible that unknown factors may be 
operative which permit cholesterol from each 
source to be absorbed or reabsorbed at different 
rates. Nevertheless, this study and others cited 
show that cholesterol in this mixture is largely 
esterified during absorption. Therefore, there 
appear to be at least two sources of ester choles- 
terol in the lymph: 7) from the intestinal lumen; 
2) from the intestinal mucosa where the choles- 
terol may originate either by ultrafiltration from 
the plasma or by biosynthesis from endogenous 
this 
various origins which is esterified in the intestinal 


precursors at site. Thus cholesterol from 
mucosa may serve as a significant portion of the 
ester cholesterol moiety of the circulating lipo- 
protein. These considerations focus attention on 
possible alterations of the metabolic activity of 
intestinal mucosa in addition to the well recog- 
nized disturbances of liver function which produce 
changes in level of circulating cholesterol ester. 
3. Clearance of lymph cholesterol. The extent 
of intestinal cholesterol esterification in humans 
may also be germane to alterations in cholesterol 
metabolism observed in hyperlipemic-hypercho- 
lesterolemic subjects. From our previous studies 
(21) on absorption of cholesterol in normo- 
cholesteremic subjects, it is known that the specific 
activity of plasma ester cholesterol was less than 


that of plasma free cholesterol during the first two 


days following the oral administration of labeled 
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sterol. The actual ratio of the specific activities 
of plasma ester to free cholesterol in normocho- 
lesterolemic subjects about 24 hours after the ra- 
dioactive dose was 0.7 to 0.8. However, in hyper- 
lipemic subjects, the same ratio was 1.6 to 2.5. 
If it were assumed that all of the labeled ester 
and free cholesterol absorbed in lymph were re- 
tained in the plasma and mixed indistinguishably 
with plasma cholesterol, it is possible to calculate 
a resultant specific activity ratio. In the normo- 
cholesteremic subjects this would yield a value of 
ester to free of about 2.0 (assuming lymph cho- 
lesterol to be about 80 per cent ester) in contrast 
to the observed ratio of 0.7 to 0.8. However, the 
calculated ratio is close to the range of 1.6 to 2.5 


observed in the plasma of hyperlipemic subjects. 


It should be noted that the amount of free and ester 
cholesterol absorbed afier a tracer dose into lymph 
is known only for normocholesteremic subjects 
and might be different in the hyperlipemic. How- 
ever, these relations strongly suggest that the 
normocholesteremic might be able to clear a por- 
tion of the newly absorbed ester cholesterol from 
the plasma, whereas this mechanism might not be 
fully operative in the hyperlipemic patient. These 
considerations point to the desirability of addi- 
tional studies of the intestinal esterification mecha- 
nism as well as of the ester removal mechanism 
for the fuller understanding of pathologic hyper- 
lipemic states. 


SUMMARY 


1. Cholesterol-14, 15-H®* 


2-C'* were orally administered to one subject 


and sodium acetate- 


while cholesterol-4-C'* was given to three other 
subjects. These individuals had cannulas in the 
thoracic duct so that lymphatic absorption of cho- 
lesterol could be directly studied. 

2. The amount of labeled cholesterol absorbed 
into the lymph varied from 4 to 27 per cent of the 
administered dose. The major portion of this 
absorbed cholesterol appeared in the lymph in es- 
terified form. 

3. A minor role in cholesterol absorption by the 
collateral lymphatics was evidenced by the low 
level of radioactivity in plasma cholesterol. 

1 Calculated from data taken from subjects in Refer- 
ence 21 and other unpublished data from this laboratory. 


ABSORPTION VIA THORACIC DUCT 


IN MAN 1293 


4. Although sodium acetate is not absorbed in 
the human by way of the lymph system, the amount 
incorporated into circulating cholesterol was ap- 
proximately that found in intact subjects. 

5. The absorption and esterification of choles- 
terol as well as the possible role of cholesterol me- 
tabolism in the intestine and lymph have been dis- 
cussed with reference to pathologic hyperlipemia. 
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Lecithinase A catalyzes the removal of a fatty 
acid from lecithin or the cephalins to yield lyso- 
lecithin or the lysocephalins which are particu- 
larly noted for their lytic effect on red blood cells 
(1). Hanahan (2) studied the action of the en- 
zyme in extracts of pancreatin on lecithin in di- 
This method was used by Hanahan, 


ethyl ether. 
Rodbell and Turner (3) and improved by Long 
and Penny (4) in studies of the action of the en- 
zyme in venom on natural and synthetic phospho- 


Epstein and Shapiro (5) and Rimon 
and Shapiro (6) measured the enzyme from rat 


glycerides. 


intestinal mucosa and ox pancreas in phosphate 
buffer. 

Borgstrom’s (7) report of the almost complete 
conversion of lecithin in bile to lysolecithin in the 
upper small intestine of man prompted us to un- 
dertake the measurement of the enzyme involved. 
A simplified assay was evolved using the fasting 
duodenal contents of man as the source of en- 
zyme. The release of fatty acids from lecithin was 
measured titrimetrically. The concurrent decrease 
in lecithin and equivalent increase in lysolecithin 
were measured by quantitative chromatography 
using silicic acid impregnated paper (8,9). Some 
factors which increase or decrease the sensitivity of 
the assay were also evaluated. 


EXPERIMENTAL METHODS 


Duodenal contents as a source of pancreatic secre- 


tion were obtained from 5 men by aspiration. Collections 


varied in bile content. Lyophilized cobra venom (Naja 
naja) was obtained from the Ross Allen Reptile Insti 
tute; it was used as a source of lecithinase A only once, 
as specifically indicated. 

Pure lecithin, 
prepared from egg yolk by the method of Lea, Rhodes 
and Stoll (10, 11). 


termined by paper chromatography (8). 


lysolecithin and sphingomyelin were 
Purity of the eluates used was de- 
Moles of egg 
lecithin calculated as 


were (linoleylstearoy]) -glyceryl- 


phosphorylcholine. ( Dipalmitoley1) -glycerylphosphoryl- 
choline and (f§-monostearoy] ) -glycerylphosphorylcholine 
were provided through the kindness of Dr. D. J. Hana- 


han. 


All evaporations were carried out with a rotary film 
vacuum evaporator at 40° C and approximately 18 mm 
Hg. Lecithin substrates were prepared by evaporation 
of a methanol: chloroform solution (approximately 1: 1, 
vol/vol) of 
activators, and emulsification and partial solution of the 


lecithin, addition of a buffered solution of 


mixture with a laboratory shaker. 

The total release of fatty acids in the incubations was 
measured by the method of Dole (12). One ml aliquots 
were extracted immediately after addition of enzyme and 
at selected time intervals thereafter. A one-phase titra- 
tion was obtained by preparing the indicator and alkali in 
absolute ethanol. 

Lipid extracts for phospholipid chromatography were 
prepared by the addition of 1 ml of the incubation mix- 
ture to approximately 18 ml of ethanol: ether (3:1, vol/ 
vol), heating to boiling, and diluting with the ethanol: 
ether to 25 ml at After filtering 
through lipid-free filter paper, a 20 ml aliquot was evapo- 


room temperature. 
rated to dryness and the lipids dissolved in 3 ml of iso- 


amyl alcohol: benzene (1:1, vol/vol); 100 wl was ap- 
plied to the paper for each analysis unless otherwise 
indicated. 

The identification of phospholipids on silicic acid im- 
pregnated filter paper was made essentially using the 
techniques of Marinetti, Stotz, Erbland and Kochen (8, 
9). The solvent system diisobutyl ketone: acetic acid 
water (40: 30:7, vol/vol) was used in this study. Quan- 
titative estimations of the individual phospholipids were 
their elution 


made by phosphorus analyses following 


from the paper. Phosphorus was determined by our 
modification of the method of Beveridge and Johnson 
(13) in which 1 wg of phosphorus yields an absorbancy 


of 0.173 in 1 cm cells. 


to 95 per cent, using phospholipids applied individually or 


Our recoveries were typically 85 


as mixtures at levels of 0.6 to 5.7 ug of lipid phosphorus. 
Values reported were corrected for an average 90 per 
cent recovery, and expressed as amount present in the 
total incubation mixture. 

Borate buffer, 0.05 M, was prepared by adding po- 
tassium hydroxide solution to 50.0 ml of 0.2 M_ boric 
acid until the desired pH at 200 ml volume was reached 
Solutions in this buffer were made prior to final pH 
adjustment. 

Sodium deoxycholate was purified by the following 
procedure (14): 10 g was dissolved in 50 ml of 95 per 
cent ethanol, filtered, concentrated to 20 ml, and added 
slowly to 150 ml cold ethyl ether. The crystals were 


washed with ether and then dried, utilizing a vacuum 


evaporator as for lipid extracts, advancing the tempera 


ture to 98° C for 10 minutes. 
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RESULTS 
The 
similarity of action of duodenal contents and cobra 


Enzymatic action of duodenal contents. 


venom on the lecithin and phosphatidylethanola- 
mine of an aqueous egg yolk emulsion is shown 


1. THe 


Three separate incubations for 2 hours at 38° ( 


ACTION OF COBRA VENOM 


fied in 100 ml of water and adding : 


water, c) 1 ml of duodenal contents. 


and c were applied at origins 1 and 3 while 25 ul from b was applied at 2 
pholipid contributed to 3 by duodenal drainage is negligible 


and lysolecithin were applied at origins 4, 


gram was stained with rhodamine G. On 


se) 


AND 


5, and 6, respectively 
the 


AND LESLIE ZIEVE 


with silicic acid chromatograms in Figure 1. This 
means of following the enzymatic degradation of 
phospholipids was then used to follow the con- 
version of pure lecithin to lysolecithin by duodenal 


contents. With egg lecithin or lecithin in blood se- 


ded 


PHOSPHOLIPIDS 


DUODENAL CONTENTS ON EGG 


were made, using 5 ml of one egg yolk emulsi 
a) 1 ml of water as a control, b) 2 mg dried venom in J ml 


After preparation of extracts, 50 wl from incubations a 


The amount of phos- 
Pure egg lecithin, sphingomyelin, 
On the left 
right the cephalin compounds (phosphatidyl- 


the chromato- 


ethanolamine and lysophosphatidylethanolamine) are shown by the additional application of 


a ninhydrin spray. Not indicated are an 


area above 2 midway between origin and lysolecithin 
5 £ \ 


showing a blue fluorescence when wet, and a slightly positive ninhydrin area at the lower edge 


of lysolecithin in 3’. 


chromatogram, Eastman Panatomic 


Time exposure photographs taken under ultraviolet illumination (dry 
X film, Wratten filter no. 85, 


f.12, 5 sec. exposure) 
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Fic. 2. Tut 


LECITHINASE A, 


EFFECT OF SODIUM DEOXYCHOLATE ON 
Separate substrates contained 25 mg 
(31.1 wd) lecithin and varying amounts of sodium deoxy- 
cholate in 5 ml borate buffer, pH 8.4. 
1:16 with the 


C, 1 ml of enzyme was added to 


The enzyme source 


was diluted same buffer. After equili- 
brating separately at 38 
each substrate and incubated at 38° C. Fatty acids re- 
leased were measured at the time intervals shown. Du- 


plicate reaction systems were as plotted. 


rum the reaction with duodenal aspirate proceeded 
only to lysolecithin with the equivalents of fatty 
acid released equal to the molar decrease in lecithin 
and increase in lysolecithin as measured by phos- 
phorus analyses. The simpler measure of fatty 
acids released could then be used in studies of the 
enzyme. 

Selection of buffer. With 1: 


the enzyme source in various buffers, 0.05 to 0.1 


10 dilutions of 


M, over the pH range 6.0 to 8.1, the greatest liber- 
ation of fatty acids occurred in a borate buffer at 
pH 7.4. 


in Tris- (hydroxymethyl )-aminomethane buffer at 


The enzymatic activity was slightly less 


pH 7.4, and only minimal in phosphate buffer at 
pH 7.0, the most commonly used buffer in stud- 
ies of this enzyme. 

Effect of sodium deoxycholate. 
fer the activity of a 1:25 dilution of enzyme 


In borate buf- 


source was 7 per cent of the activity of a 1: 10 di- 
lution, instead of the expe ed 40 per cent. It was 
found that the addition of various bile salts to the 
system prevented the loss of activity with dilution 


of the enzyme and that, in appropriate concentra- 
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tion, bile salts had a marked activating effect. 
Preliminary studies indicated that sodium deoxy- 
salts 


cholate was the most effective of the bile 


tested. The optimum pH was shifted to 8.4 as will 
be shown later. Figure 2 illustrates the effect of 
varying the amount of deoxycholate in the system 
used. Nonenzymatic reaction in controls was 
negligible. Twenty and 100 mg amounts of two 
non-ionic detergents, a polyoxyethylene lauryl 
ether and a polyoxyethylated nonylphenol, had 
no activating effect. 
Effect of amino acids. 
ied, glycine was the most effective in increasing 


Of the amino acids stud- 
the action of lecithinase A. A marked increase 
in activity was seen at a 0.01 M concentration, and 
a point of only slight additional increments in ac- 
tivity was reached at 0.05 to 0.15 M. We elected 
to use 0.1 M glycine in 0.05 M borate at pH 8.4. 
Figure 3 compares its activating effect with that of 
other amino acids. It also shows that varying 
molarities of borate buffer by itself give identical 


results. 





20 
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Fatty Acid Released, sieq 





Minutes Incubation 


Fic. 3. LECITHINASE A. 
Substrates contained 25 mg (31.1 4M) lecithin and 20 mg 
sodium deoxycholate dissolved in either 5 ml of 9.05, 
0.10, or 0.15 M borate buffer, pH 8.4, or 5 ml of a 0.1 M 


solution of glycine, monopotassium glutamate, lysine hy- 


EFFECT OF AMINO ACIDS ON 


drochloride or arginine hydrochloride in 0.05 M_ borate 


buffer, pH 8.4. 
1.0 ml of enzyme source, diluted 1: 32 with 0.05 M borate 


After equilibrating separately at 38° C, 


buffer, pH 8.4, was added to each substrate and incu 
bated at 38° C 
sults for the three different concentrations of borate buf- 


for the time intervals shown. The re- 
fer and for the lysine and arginine were each so nearly 
that a through the 
means of the respective values at the four incubation 


identical single curve was drawn 


times. 
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Fatty Acid Released, meq 


1 pt 


7.4 7.8 8.2 8.6 
pH of Glycine Borate Buffer 


ACTIVITY OF 





9.0 


THE EFFECT OF PH ON THE LEC- 


A. The reaction system contained 25 mg (31.1 


Fic. 4. 
ITHINASE 
uM) lecithin and 20 mg sodium deoxycholate in 5 ml of 
0.1 M glycine in 0.05 M borate buffer at different pH’s, 
and 1 ml of a 1: 32 aqueous dilution of the enzyme source. 
Equilibration and incubation at 38° C. No correction 
was made for the slight effect of deoxycholate on the 
pH of the system 

Optimum pH. Figure 4 shows that the opti- 
mum pH falls between 8.4 and 8.5. Subsequent 


studies were performed at a pH of 8.45. Studies 
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14 
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Preincubation Temperature, °C 





An ali- 


glycine 


HEA LECITHINASE A 
quot of a 1:32 dilution of 
buffer held at 
trol and other aliquots were pre-incubated for 30 minutes 
and 93° C. After 
1 ml portions of these aliquots 


25 


STABILITY OF 


Fic. 5 
enzyme source in 


borate was room temperature as a con- 


at temperatures ranging between 50 
equilibration at 38° C, 
were incubated at 38° C with a substrate containing 


(31.1 uM) 


in 5 ml glycine 


meg lecithin and 20 mg sodium deoxycholate 


borate buffer. Fatty acids released at 


25, 50 and 75 minutes were measured. <A control incuba- 
buffer in place of enzyme showed a change of 


+ 0.06 wEq fatty acids at 25, 50, and 


tion witl 


0.08, — 0.08, and 


75 minutes, respectively 
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Fic. 6. OptimMUM INCUBATION TEMPERATURE. Pairs 
of tubes, one containing 1 ml of enzyme source diluted 
1: 32 and the other 6 ml of substrate, were pre-incubated 
to 69° C, 
of the substrate was added to the enzyme tube and incu 
bated at the The fatty 
acids released in 15, 30, 45, were 
The effect of pre-incubation for 60 minutes at 55 
A control of 1 ml of 


30 minutes at temperatures from 36 Then 5 ml 


pre-incubation temperature. 


and 60 minutes meas 
ured. 
C is indicated by the open circles. 
buffer in place of enzyme at 55° C showed a release of 
0.18, 0.39, 0.53, and 0.48 wEq fatty acids, respectively, at 


the time intervals indicated 


reported in the literature have been carried out 
near pH 7.0 (1-6). 

Heat stability and incubation temperature. The 
marked heat stability of lecithinase A reported by 
others was also found in our assay system as shown 
The enzyme was pre-incubated for 
then 


in Figure 5. 

30 minutes at 
incubated at 38° C. 
at 75 minutes is a reflection of the slowing of the 


different and 


The flattening of the curve 


temperatures 


reaction rate when one-half the lecithin is hydro- 
lyzed. The peak of activity, seen at 50° to 60° C 
for the shorter incubation periods, is further clari- 
fied in Figure 6 which presents results of enzyme 
action with pre-incubation and incubation in_ the 
temperature range, 36° to 69° C. 
and substrate in the experiment of Figure 6 wer« 


The enzyme 


prepared as described in the following paragraph 
Wakui and Kawachi (15) recently reported a very 
similar temperature curve for the enzyme in cobra 
venom, although they used a different assay sys 

By way of contrast, lipase is destroyed at 
C (16). 

Optimal incubation system. 
periments, 0.1 M glycine in 0.05 M borate buffer 


tem. 
55 


In subsequent ex- 
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Fic. 7. EFFECT OF DILUTION OF ENZYME ON RATE OF 


REACTION. Three separate dilutions of the enzyme were 
A con 


incubated in the final system defined in the text. 
trol of 1 ml of buffer was included. 


rABLE I 


The enzymatic conversion of lecithin to lysolecithin* 


Fatty 
acids 
released 


Lecithin 
Lysolecithin 
increase 


Lecithin 


Sample Time decrease lysolecithin 


hrs 2 pmoles P= moles P 
0 29.9F 
1 a 5.0 6.0 30.9 
Zz . 1.4 10.9 29.4 

18 6.5 27.0 


pmoles P 


0 
18 28. 29.8 


0 
18 : 28.4 


0 
18 29.3 


0 
18 29.8 


Control 0 

18 0.3 (+0.3) 1.0 
Control 0 

18 0.6 1.4 0.9 


30.8 
30.3 


* Duodenal collections and buffer controls were incu- 
bated in the system described. Dilutions were 1:32 for 
sample A and 1:10 for B through E. 

t Average of duplicate chromatography for lecithin and 
lysolecithin. 
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at pH 8.45 and room temperature was used to di- 
lute the enzyme and prepare the substrate. The 
substrate contained 25 mg (31.1 »M) lecithin and 
20 mg (48.2 »M) sodium deoxycholate dissolved 
After 1.0 ml en 


zyme and an adequate volume of substrate were 


in 5.0 ml glycine borate buffer. 


> 6 


Fic. 8. CHROMATOGRAM OF THE REACTION IN THE IN- 


CUBATION SYSTEM. 
Table I, 
raphy and staining with rhodamine G; 
extracts of the 0 time and 1, 2, 


The conversion of lecithin to lyso- 
is shown after chromatog 
100 yl aliquots of 


lecithin in sample A, 
and 18 hour incubations 
Rela 


pure lysolecithin | ($-monostearoyl)-glycerylphos 


were applied at origins 1, 2, 3, and 4, respectively 
tively 
phorylcholine] and lecithin [ (dipalmitoley])-glycerylphos 
phorylcholine] were applied at origins 5 and 6, respec- 
tively. The deoxycholate of the system appeared as the 
darker areas above lecithin. 
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heated separately at 55° C for 30 minutes, 5.0 ml 
of substrate was added to the enzyme for the in- 
cubation at 55° C. 

Effect of dilution of the enzyme. 
Figure 7, the rate of the reaction was essentially 


As shown in 


zero order up to the point of 50 per cent utilization 
of the lecithin. <A slight initial lag in the reaction 
rate is evident. 

Test of the system, Five duodenal collections 
from different individuals were incubated in the 
optimal system. The release of fatty acids and 
the conversion of lecithin to lysolecithin were meas- 
The data in Table | 
methods of measuring activity check closely, and 


ured. show that the two 
that even at the prolonged period of 18 hours the 
reaction proceeds only to lysolecithin as evidenced 
by the recovery of the original lecithin phosphorus. 
\ chromatogram illustrating the reaction in sam 
ple A, Table I is shown in Figure 8. 

Effect of reaction products. The effect of the 
reaction products of the system is shown in Figure 
9. A slight activating effect of lysolecithin was 
observed. Oleic acid was used as a representative 
fatty acid reaction product. It was inhibitory at 
a concentration which is present when 50 per cent 
of the lecithin in the system has been hydrolyzed. 

Inhibitory factors. Suppression of enzymatic ac- 
tivity by various substances is illustrated in Figure 





T T T "T 
© Reference System 
r ©16Ai mole Lysolccithin added 
| 4321 mole Lysolecithin added 
© 16a: mole Oleic Acid added 
r 4324 mole Olcic Acid| Incorp.in 

8 

161 mole Olcic Acidj Buffer 5 


| 
Py 
Po 


i. 


Fatty Acid Released, wieq 





noun 


80 





40 60 
Minutes Incubation 
INCU- 

text 


OF REACTION IN THE 
The the 
was modified for three incubations to incorporate 16 or 


Fic. 9. EFFect PRODUCTS 


BATION SYSTEM substrate as defined in 
32 umoles of lysolecithin or 16 uwmoles of oleic acid by ad- 
dition to the lecithin prior to evaporation of the solvent 
and incorporation into the substrate. For two incuba- 
tions oleic acid was added to the glycine and boric acid 
prior to adjusting to pH 8.45, giving 16 or 32 uwmoles of 


oleic acid in the substrate. 
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© Reference system 
| 4 Ether treated enzyme 
oS * ad substrate 
# 0.001 M Ca Cla 
@0.004M K Ox 
0.005 M Ca Cla 

oes M EDTA 

© 0.002 M EDTA 


rn db 


@ °o 


Fatty Acid Released, aieq 
bh © 


nr 











30 

Minutes Incubation 

Fic. 10. 
standard substrates as defined 
at pH 8.45 a concentration of: 1) 0.001 M calcium chlo- 
ride, 2) 0.004 M potassium oxalate, 3) 0.002 M EDTA 
(ethylenediamine tetraacetate), or 4) both 0.005 M cal- 
cium and 0.002 M EDTA. 
enzyme and substrate were used from which ether had 


INHIBITION OF LECITHINASE A. Separate 


were modified to include 


In two additional incubations 
been evaporated prior to pre-incubation heating. In one, 
1 ml of Mallinckrodt anhydrous analytical ether 
evaporated from each milliliter of enzyme. In the other, 


Was 


1.67 ml of the same ether was evaporated from each mil- 
liliter of substrate. 


10. 
diethyl ether was prompted by the observation that 


The treatment of enzyme and substrate with 


inhibition occurred when lecithin was incorporated 
into the substrate by evaporation of a redistilled 
peroxide free ether solution of lecithin overlying 
the buffer. As can be seen in Figure 10, the de- 
pressant effect of ether is upon the substrate rather 
than the enzyme. Both oxalate and calcium have 
depressant effects. As the concentration of cal- 
cium decreased the depressant effect decreased. 
We have observed the effect of magnesium to be 
similar to that of calcium. The effect of ethylene- 
diamine tetraacetate was not abolished by first 
saturating it with calcium, suggesting that its 
depressant effect was not related to its chelating 
property. Dialysis of duodenal contents did not 
reduce activity of the enzyme. 

Using the diethyl ether method of Hanahan, 
without added calcium, the reaction proceeds with 
1 ml of undiluted enzyme source to 50 per cent 


conversion of 31 umoles of lecithin in 24 hours. 


DISCUSSION 


The use of bile salts and amino acids in the sys- 
tem proposed was prompted by their use to en- 
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hance lipase activity (16). The formation of cho- 
leic acid complexes by deoxycholate (16) and the 
binding of deoxycholate by calcium must be con- 
sidered in interpretation of inhibition of the sys- 
tem. Such effects may be due to reducing avail- 
able deoxycholate below the optimal requirement. 
Calcium has been shown to be inhibitory for lecith- 
inase A from rat intestinal mucosa (5) but is re- 
quired for the enzyme in venom (4) and in ox 
pancreas (6). In our assay system with duodenal 
drainage, calcium is inhibitory. The concentra- 
tion of calcium contributed by normal duodenal 
drainage amounts to 0.00004 M, approximately. 
The quantitative requirement for deoxycholate in 
the system may be less if it is prepared by means 
other than precipitation from ether, as it is known 
that deoxycholate binds ether tenaciously (14). 
We have also observed that sodium taurocholate 
and_ glycocholate, reprecipitated as described, 
show the same effect on the release of fatty acids 
as an equimolar amount of deoxycholate. 

The enzyme from rat intestinal mucosa is ac- 
tivated by oleic acid, inhibited by cholic acid and 
is heat labile (5). The marked stability to heat 
and inhibition by reaction products shown by the 
enzyme from duodenal drainage is in agreement 
with studies reported for the enzyme from snake 
venom, Ox pancreas or pancreatin. 

The presence and action of the enzyme explains 
the observation of Borgstrom (7) that lecithin is 
converted to lysolecithin in the upper intestine. 


SUMMARY 
A lecithinase A was demonstrated in the duode- 
The release of fatty acids 
The 


decrease in lecithin and equivalent increase in ly- 


nal contents of man. 
from lecithin was measured titrimetrically. 


solecithin were determined independently by quan- 
titative paper chromatography. The action of the 
enzyme was markedly increased in the presence of 
sodium deoxycholate and moderately increased by 
The 


optimum medium used for the hydrolysis was a 


glycine, glutamic acid, arginine or lysine. 


glycine-borate buffer at pH 8.5, and the optimum 
Heating in this medium 


temperature was 55° C. 
at 80 


zyme. 


C for 30 minutes did not inactivate the en- 
The enzyme was partially inhibited by 
calcium, magnesium, oxalate, oleic acid, and di- 
ethyl ether, and nearly completely inhibited by 


ethylenediamine tetraacetic acid. 


DUODENAL CONTENTS OF MAN 
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Evidence for the site of action of diuretic drugs 
in man can be derived from observations of their 
effect different 
studies have shown that mercurial diuretic agents 


on tubular functions. Previous 
have little influence on water diuresis or antidiu- 
resis (1-5) and hydrogen ion secretion (6, 7). 
These observations have been taken to indicate 
that the predominant action of these mercurial 
agents is to decrease sodium reabsorption in the 
proximal tubule. A proximal site of action has 
also been suggested by stop flow analysis of tubu- 
lar function during combined mercurial and man- 
(8-10). 
osmotic and mercurial diuresis has been empha- 


8, 11, 12) but these states have not been 


nitol diuresis The similarity between 
sized (5, 
compared directly in man, The present study 
concerns the effects of diuretic drugs on renal con- 
centrating ability in healthy hydropenic young 
men. The urine was found to be less concen- 
trated during mercurial diuresis when compared 
This 


difference was greatest when mercurial action was 


with mannitol diuresis at similar urine flows. 


am- 
that 


mercurial diuretic agents can act on those portions 


potentiated by the prior administration of 
monium chloride. The data provide evidence 
of the nephron involved in the renal concentrating 
process, presumably beyond the proximal tubule. 
Acetazolamide and chlorothiazide, drugs which 
probably act both distally and proximally (8, 13- 
15) 
to decrease concentrating ability, while the latter 
had little effect. 


were also studied. The former was found 


METHODS 


The subjects were 6 paid 
to 28 


Experimental procedure. 
who 


volunteer medical students, ages 25 years, 


* Aided in part by a grant from the National Kidney 
Disease Foundation. 

+ Life Insurance Medical Research Fund Fellow, 1958- 
1959. Present address, USAF Hospital, Maxwell Air 
Force Base, Ala. 

t Veterans Administration Clinical Investigator. 


were selected by a “bladder emptying test” for their 
ability to void small volumes of urine consistently (16). 
The experiments were begun after 18 hours of water 
deprivation, at 7 a.m., except in Subject A.G., in whom 
experiments were begun at 11 a.m. Infusions containing 
the diuretic agents were administered after 2 to 3 pre- 
liminary periods, in which osmotic urine/plasma_ ratio 
ranged from 3.0 to 4.6, and urine flow was less than 0.6 
ml per minute. Urine samples were collected at intervals 
of 30 minutes and blood samples every 2 hours. 

The following experiments were performed in a ran- 
dom sequence for each subject, at intervals of at least 
1 week between studies. In all experiments 200 mU of 


vasopressin! was administered initially. Vasopressin 
was then added to each infusion to provide 200 mU per 
hour, except in the repeat experiments with mercapto- 
merin. 

1. Mannitol infusion (all subjects) ; 5 per cent manni- 
tol in 0.5 per cent NaCl solution was infused at a rate of 
10 ml per minute for 5 hours 

2. Urea infusion (3 subjects) ; 30 per cent urea was in- 
fused at 1 to 3 ml per minute for 4 hours. 

3. Isotonic sodium chloride infusion (3 subjects) ; 0.9 
per cent NaCl solution was infused at 30 to 40 ml per 
minute for 1 hour, then at 10 ml per minute for the next 
3 hours, giving a total volume of about 4 L. 

4. Mercaptomerin (all subjects); a solution of mer 
captomerin containing 40 mg Hg in 50 ml of isotonic so 


dium chloride was injected intravenously, followed by an 


TABLE I 


Mannitol loading ‘“‘reference’’ experiment* 


No. 
Subject of periods g b R 
0.3886 
0.2839 
0.3817 
0.3031 
0.2442 
0.3202 


0.9929 
0.9928 
0.9961 
0.9953 
0.9931 
0.9948 


0.0874 
0.1222 
0.0910 
0.0940 
0.1041 
0.1168 


M.G. 
P.M. 
A.M. 
J.P. 
1S. 
AG. 


= aV +b, for the mannitol 


* The equation, 


1 
U/P -—1 


‘ ’ 


loading ‘‘reference’’ experiment for each subject, is pre- 
sented in terms of the regression constants (a, b) and the 
correlation coefficient (R). 


1A single lot of Pitressin (Parke, Davis) was used 


which had been shown to cause maximal antidiuresis in 


hydrated normal man in doses of 25 to 50 mU per hour. 
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TABLE II 


Summary of individual diuresis experiments* 


Range Mean 


Experiment Subject V f AT°*H,0 Cereat 


ml /min/1,.73 m? ml /min/ 1,73 m? 
Mannitol M.G. 1.39 3.05 140 
91 3.01 145 
Al 3.01 105 
31 3.44 128 
0.89-5.. 3.91 
1.60 3.06 


all> > emia > 


Mean 


—0.06 
—0.16 
0.06 


Mean —0.05 
Saline M.G. : § .58-3.0. —0.04 


—0.24 
0.08 


w 


Mean —0.07 


—0.44 
—0.55 
~0.53 
—0.61 
—0.71 
~0.41 


Mercaptomerin 


Crp bed ed emt KD ND 
Ihr 
wr Dd doo we 


Nm eS Unb 


i) 
= 


Mean —0.54 


nN 


—().68 
0.71 
0.07 
-0.10 


Meralluride 


wm wr 


of ul 


Meant —0.69 


NH,Cl + mercaptomerin 3 28-2. —0.78 
— 0.64 
—0.85 


Mean —0.76 


—0.09 
—0.15 
—0.02 

0.15 
—0.43 
—0.13 


Chlorothiazide 


—™ bo DO bo bO 
NO Dd DO DY bo tO 


NNHNNM- KY 
t 


Mean —0.16 


—0.44 
—1.02 
—0.23 
—0.46 


Acetazolamide 


do dO Dd be 
¢ 1 


Mean —0.54 1.18 


* Including range of urine flow (V), osmotic U/P ratio (U/P), mean creatinine clearance (Cereat), and deviation of 
osmotic U/P ratio (AU/P) and net water reabsorption (AT*x,0) from the values predicted from the mannitol loading 
“reference’’ experiment. 

+t Three 60 minute periods only. 

t Mean of Subjects J.P. and J.S. only. 
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NaCl 


This experiment 


infusion containing 40 mg Hg in 240 ml of isotonic 
solution at a rate of 1.0 ml per minute. 
was repeated in Subjects J.S. and J.P. with the addi- 
tion of 1,000 mU per hour of vasopressin. 

5. Meralluride (3 subjects); the procedure and dose 
that The 
periment was repeated in Subject A.G. 


were identical with for mercaptomerin. ex- 








n 
°o 


. 
°o 


/min / 173 MS 


Te H,0 mi 


nN 
°o 
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6. Ammonium chloride and mercaptomerin (3 subjects) ; 
the mercaptomerin experiment was repeated after the sub 
jects had received 9 to 12 g ammonium chloride orally 
per day for 3 days 

7. Chlorothiazide (all subjects) ; 0.5 g of chlorothiazide 
dissolved in 50 ml isotonic NaCl solution was injected 
infusion of 0.5 g chloro- 


intravenously followed by an 


MANNITOL # | 
MANNITOL #2 
MERCAPTOMERIN 

NHC! + MERCAPTOMERIN 
CHLOROTHIAZIDE 

UREA 

SALINE 














4 4 





4 


URINE FLOW 


Fic. 1 
M.G 


periment for’ this subject. 


CONCENTRATING RESPONSE 


JECT Mannitol no 


(Vv) mi 


Mannitol no 


10 


/ min /173Me 


TO VARIOUS DIURETIC AGENTS IN SUB- 


1 indicates the “reference” mannitol loading ex- 


2 is a study done one year previously 
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& OSMOTIC 





MECHANISM 


niinhetriiiasin 
@ MANNITOL 
x MERCAPTOMERIN 
® NH4CI + MERCAPTOMERIN |] 


———— 7 


4 











pS 
o 


ny 
o 
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= 
” 
nt 
~ 
S 
E 
~ 
E 


H20 
wo 
oO 


ate 
py 
o 





4 4 





re 4 4 





4 6 
URINE FLOW (V) mi /min /1.73 M2 
U 


PREDICTED 


Fic. 2. DErvIATION OF A OSMOTIC 
(A T°n20) 
EQUATION 


TION FROM 


TEXT). 


VALUES 
(SEE 


/P RATIO AND 


10 


NET WATER REABSORP 


BY THE MANNITOL “REFERENCE” 


Data include periods for mannitol, mercaptomerin, 


and ammonium chloride-potentiated mercaptomerin diuresis in six subjects. 


thiazide in 240 ml of isotonic NaCl solution at a rate of 
1.0 ml per minute. 

8. Acetazolamide (4 subjects) ; the procedure and dose 
were identical with that for chlorothiazide. 

9. Mannitol infusion and mercaptomerin (3 subjects) ; 
10 per cent mannitol was infused at 20 ml per minute 
until urine flow was 10 to 15 ml per minute for 3 to 4 


periods. Mercaptomerin (80 mg Hg) was then given 
intravenously and the mannitol infusion continued at 10 
ml per minute for 3.5 hours. 

methods. Chemical methods 
previously described (16). In addition, 
determined by the method of Schales and Schales (17). 
Osmotic urine/plasma (U/P) ratio, 


Chemical were those 


chloride was 


Calculations. 
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osmolal clearance (Cosm), and net water reabsorption. , ' 1 ; 
8d ‘ . for the hyperbolic equation, ;—5 =aV +b, where 
(T°m.0) were calculated as described previously (16, U/I 1 
18. 19). All data were corrected to 1.73 m* of body U/P represents the osmotic U/P ratio, V is urine flow, 
surface area. The relationship between concentrating re- 29d a and b are constants, were calculated for each man- 
sponse and urine flow (V) during osmotic diuresis, when Nitol loading “reference” experiment by the method of 
. ae : > Tz > ] Te} j > atic i 
urine flow is less than 20 ml per minute, can be evaluated least squares [(20) Table I]. Using this equation, it 
in terms of an empirical formula described in the preceding Was possible to calculate predicted values for osmotic 
paper of this series (19). In the present study, the man- U/P ratio and T‘n.0, [T°n.0 = (U/I 1) x V} for any 
nitol loading experiments on each subject were chosen as given rate of urine flow. Differences in concentrating re- 
the “reference” experiment for comparison of the renal | Sponse between the mannitol experiment and other forms 
concentrating response with other types of diuresis, Of diuresis in each subject could then be quantitated by 


. > . . ari > > 1c "JP rati - » ve . 
The regression constants and the correlation coefficient Comparing observed osmotic U/P ratio and T*x.0 values 





T ¥ ¥ 
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Fic. 3. COMPARISON OF INDIVIDUAL EXPERIMENTS WITH MANNITOL LOADING AND 
MERCAPTOMERIN DIURESIS IN SuByect J.S. Osmotic U/P ratio, urine flow, osmolal 
clearance, net water reabsorption (T‘n.o), creatinine clearance, and sodium ex- 


cretion (Uy.V) are given for individual periods. 
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TABLI 


Effect of mercaptomerin during hypertonic mannitol loading 


Subject rime 


ml /min/1.73 m* 


14.0 


min 
— 40-0 
70-110 
150-180 


bas 


JS. 0 
110 
170 


0 


120 
50-195 


* Mean urine flow (V), osmotic U 
percentage of urine osmolality accounted for by sodium ( 


and 2.5 to 3 hours after mercaptomerin administration. 


with those predicted for the same rate of urine flow by 


the equation for the mannitol “reference” experiment 


The differences between observed and predicted values 
are termed AU/P and A T'mo. M.G., 
P.M. and A.M., data from previous mannitol loading 


In 3 subjects, 


experiments (19) over the range of 1 to 20 ml per min- 
ute urine flow showed good agreement with the man- 
experiment, so that calculated A U/P 


nitol “reference” 


values for individual collection periods were always be- 


tween + 0.15 and — 0.30. 


RESULTS 

The renal concentrating response during dif- 
ferent types of diuresis is illustrated for one sub- 
ject in Figure 1. The mean values for A U/P and 
A T°y.0 for each experiment are given in Table IT. 
The concentrating response to urea and saline diu- 
that 
observed with mannitol loading, although in in- 
dividual periods A U/P ranged from + 0.38 to 
— 0.50 and AT‘y.0 from + 0.58 to —0.73 ml 


per minute. 


resis showed no consistent deviation from 


A consistently lower osmotic U/P ratio and 


smaller T*y.9 was observed during mercapto- 
merin diuresis as compared with osmotic diuresis 
at similar urine flows (Figure 2, Table II). Mean 
A U/P for all six subjects was — 0.54 (individual 
periods ranged from — 0.19 to — 0.96) 


A T°y.0 was — 2.40 ml per minute (individual pe- 


and 


riods ranged from — 0.24 to — 4.00 ml per min- 
ute). 
mercaptomerin experiments in one subject, J.S., 


The contrast between mannitol loading and 


is shown in Figure 3: Depression of osmotic U/P 


ratio appeared early in mercurial diuresis and pre- 


AGENTS AND RENAL CONCENTRATING 


MECHANISM 


Ill 


* 


- Na 
«100 

Ten20 UnaV 

ml /min/1.73 m* pEq/min/ 1,73 m? 

; 7.0 

on 6.2 

34 6.9 

57 

46 

.36 


48 
18 
26 


/P ratio (U/P), net water reabsorption (T°x,0), sodium excretion (Uyn,.V) and 
Una 


x 100) are given for periods before, 1 to 2 hours after, 


osm 


An 


greater change in concentrating response is ob- 


ceded the peak natriuretic response. even 
served during mercaptomerin diuresis which has 
been potentiated by prior administration of am- 
(Table IT). 


peak urine flows were also achieved, greater devi- 


monium chloride Although larger 
ations in the concentrating response were seen even 


When 


the dose of vasopressin was increased to 1,000 mU 


at lower rates of urine flow (Figures 1, 2). 


per hour in repeat mercaptomerin experiments on 
J.S. and J.P., the depression of concentrating abil- 
ity was as great as that observed in the original 
mercaptomerin experiment (mean A U/P values 
were — 0.65 and — 0.69, respectively ). 

The concentrating response during meralluride 
diuresis was the same as that observed for mer- 
captomerin in Subjects J.P. and J.S. In Subject 
A.G. there was no impairment of concentrating 
ability in the first experiment in which meralluride 
caused only a small increase in urine flow and so- 
dium excretion. In the second meralluride ex- 
periment, Subject A.G. showed a greater diuresis 
but only a slight decrease in concentrating ability. 

When mercaptomerin was administered during 
a hypertonic mannitol infusion there was a small 


decrease in 


T°u.0 despite a further increase in 
? 


urine flow; 2.5 to 3 hours after mercaptomerin 


administration T‘y,9 had returned toward con 
trol values, although urine flow and sodium excre 
tion remained high (Table II1). 

Chlorothiazide and acetazolamide yielded con- 


siderably smaller increases in urine flow than did 
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Effect of diuretic agents on urinary composition* 


No. of 
Diuretic agent experiments «nV 
ml/min 
5.98 
2.36 
4.09 
6.59 
11.0 
6.18 
3.35 
2.82 


pOsm/min 
3,612 
1,838 
2,898 
2,903 
3,812 
2,882 
2,228 
1,776 


Mannitol 

Isotonic NaCl 

Urea 

Mercaptomerin 

NH,Cl + mercaptomerin 
Meralluridet 
Chlorothiazide 
Acetazolamide 


* Urine flow (V), total solute (UcsmV), 
excretion, and percentage of total solutes accounted for by 


maximal hourly urine flow. 
t Subjects J.P. and J.S. only. 


mercaptomerin. During chlorothiazide diuresis 
concentrating ability was only slightly less than 
that observed with mannitol loading, except in 
Subject J.S. who showed a definite decrease. 
Acetazolamide caused a distinct decrease in con- 
centrating ability, and in Subject J.S. this de- 
crease was relatively greater than that observed 
with mercaptomerin. 

Endogenous creatinine clearance values were 
little affected by any of the agents studied, except 
for an increase with saline loading. Transient de- 
pressions of creatinine clearance were not en- 
countered with any of the agents used in these 
experiments. 

The patterns of urinary electrolyte composition 
observed during the peak response to the various 
agents are shown in Table [V. Mercurial diuretic 


agents primarily increased sodium and chloride 
excretion, while chlorothiazide and acetazolamide 
increased potassium as well as sodium excretion 
and caused less increase in chloride excretion. 
The resultant increase in undetermined anion was 
presumably due to increased bicarbonate excre- 
tion. This difference was greatest with acetazol- 
amide diuresis. There were no consistent changes 
in plasma composition with any of the agents used 
except for a decrease in plasma bicarbonate con- 
centration to 17 mmoles per L after three days of 


ammonium chloride administration, 


DISCUSSION 


The urine is less concentrated during mercurial 
diuresis than it is during osmotic diuresis at com- 


155 


,192 


sodium (Uy,\ 


Na K 
<x 100 «100 


pmoles/min 
333 
393 
925 
317 
266 
289 
342 
320 


nEq/min 
80 
116 
103 
68 
112 
34 
187 
230 


470 
582 
420 


435 
614 
380 
,170 
581 
035 
576 


244 


wh 


wos 


360 


‘dd 


568 


wot NM WD bo 
— + bo OO 


), potassium (UV), chloride (UciV), and urea (UureaV) 


Na ( = x 100) and K (5 ~ 


x 100) are given for the 


parable urine flows in the same subjects. This ap- 
parent impairment of the ability of the kidney to 
elaborate a concentrated urine could be due to 
of 


effect on water transport, or to inhibition of a 


inhibition antidiuretic hormone, to a direct 


moiety of sodium reabsorption which is essential 
to the concentrating process. Inhibition of anti- 


diuretic hormone could decrease concentrating 

ability by altering water reabsorption (21) or by 

altering sodium reabsorption in the loop of Henle 

(22) if antidiuretic hormone increases sodium re- 

absorption at this site as it does in the short-cir- 
12 


cuited toad bladder £3}. 


suggested that antidiuretic hormone might act on 


A recent study has 


the renal tubule by forming disulfide linkages with 
proteins in the cell membrane (24). Since mer- 
curial diuretic compounds are known to_ bind 
(25) these 


available sulfhydryl groups agents 


might compete for available binding sites. Com- 
petitive inhibition of antidiuretic hormone action 
could not be demonstrated in the present study, 
however, since a fivefold increase in the dose of 
exogenous vasopressin did not alter the mercurial 
effect on concentrating ability. Mercurial diu 
retic agents might act on concentrating ability by 
directly inhibiting water transport. Since net wa- 
ter reabsorption at the concentrating site is prob- 
ably passive in response to an osmotic gradient 
(21, 22; 
due to decreased membrane permeability. 


27) 


26), such an inhibition should then be 
How- 
ever, Garby and Linderholm ( have shown 
that mersalyl has no effect on the permeability of 


frog skin to heavy water, but it does cause a de- 





DIURETIC 


crease in active sodium Could im- 
pairment of concentrating ability be ascribed to the 
direct action of organomercurial agents on so- 


It has been 


transport. 


dium transport in the renal tubules ? 
postulated on the basis of stop flow analysis that 
mercurial diuretic agents act by inhibiting active 
(9) or passive (10) sodium reabsorption in the 
proximal tubule. Such an effect would not ex- 
plain impairment of concentrating ability relative 
to that observed during osmotic diuresis since the 
latter also decreases proximal sodium reabsorp- 
tion (28). 

Recent evidence indicates that the renal con- 
centrating process operates by means of a counter- 
current multiplier system which is initiated by ac- 
tive sodium transport in the loop of Henle (21, 22, 
26, 29, 30). 
medullary interstitial fluid, which results in pas- 
sive reabsorption of water from the collecting 
ducts. If this hypothesis is correct, it then appears 
likely that mercurial diuretic agents impair con- 
centrating ability by inhibiting sodium transport 


This produces a hypertonic renal 


in the loop of Henle. The localization of mer- 
curial diuretic action to this site is further sug- 
gested by histochemical data which show that the 
number of available sulfhydryl binding sites in the 
ascending portion of the loop of Henle is decreased 
after the administration of mersalyl (25). 

The greater impairment of concentrating ability 
observed when mercurial diuretics were given dur- 
ing ammonium chloride acidosis is not unexpected 
if acidosis potentiates mercurial inhibition of so- 
Am- 
monium chloride acidosis itself did not impair re- 
nal concentrating ability in preliminary periods in 


dium transport at the concentrating site. 


these subjects or in three additional subjects stud- 
ied before and after the administration of am- 
monium chloride for three days. Moreover, in- 
travenous acid loading in hydropenic dogs does not 
appear to affect renal concentrating ability (31, 
Sets 

Previous studies assigning mercurial action to 
the proximal tubule have cited the apparent lack 
of effect of these drugs on net water reabsorption 
during antidiuresis (3, 5) and on free. water 
clearance during maximal water diuresis (1, 2). 
In a more recent study, free water clearance was 
found to increase during combined mercurial and 
water diuresis (33) but this could still be con- 


sistent with a proximal site of action. Although 
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direct comparison of osmotic and mercurial diure- 
sis was not made, in one of the available studies 
in man (5) concentrating ability may have been 
depressed during mercurial diuresis, since values 
of T‘q.0 were generally less than 4 ml per minute 
when urine flow was 15 ml per minute. In hydro- 
penic dogs, Brodsky and Graubarth (11) found 
no difference in the relationship between osmotic 
load and urine flow when they compared meral- 
luride and mannitol diuresis. The effects of mer- 
alluride and mercaptomerin on the concentrating 
mechanism were different in one subject of the 
present study, but identical in two others. 

In the present study there was little alteration 
in the rate of net water reabsorption when mer- 
curial diuresis was superimposed on a mannitol 
diuresis at high urine flows. Interpretation of 
these data is difficult since T°y.9 can vary with 
different types of osmotic diuresis at high urine 
flows (19). If, as Malvin and Wilde (34) have 
recently suggested, the countercurrent gradient is 
“washed out’ during massive osmotic diuresis 


then, under these circumstances, the action of in- 
hibitory drugs on the concentrating mechanism 


could be less apparent. 

ability during 
acetazolamide that 
anhydrase inhibition may affect sodium transport 


Impairment of concentrating 


diuresis suggests carbonic 


in the loop of Henle. The increased bicarbonate 
ion in the tubule does not appear to be a factor 
since sodium bicarbonate infusions in dogs (30) 
and in one of our subjects (unpublished observa- 
Chlo- 


rothiazide, which in addition to inhibiting carbonic 


tions) did not impair concentrating ability. 


anhydrase to a lesser extent appears to act chiefly 
on sodium chloride reabsorption (8, 13, 35), 
caused little impairment of concentrating ability. 
Others have found no impairment of net water re- 
absorption during mannitol diuresis in subjects 
given chlorothiazide (33, 36). These results with 
chlorothiazide would indicate that the difference 
between mannitol and mercurial diuresis is not 
due to the fact that sodium chloride is the pre- 
dominant urinary solute during drug-induced di 
uresis. Actually, sodium chloride diuresis pro- 
duces a somewhat more concentrated urine than 
does mannitol diuresis in hydropenic rats (22). 
Impairment of concentrating ability during mer- 
curial diuresis has been quite transient in the sub- 


jects of the present study. Further studies are 





1310 WILLIAM Y. W. AU 


required to determine whether this effect is simi- 
larly transient in patients requiring diuretic ther- 
apy. The fact that the urine is less concentrated 
during mercurial diuresis may actually represent 
an advantage to the patient with edema, who must 
excrete an excess of isotonic extracellular fluid, 
in the presence of maximal antidiuretic hormone 
action. 


SUMMARY 


The effect of osmotic (mannitol, urea, saline), 
mercurial, ammonium chloride-potentiated mer- 
curial, chlorothiazide, and acetazolamide diuresis 
on renal concentrating ability was determined in 
six hydropenic young men. There was no con- 
sistent difference between the response of the 
concentrating mechanism to mannitol, urea, and 


flow. A 
marked decrease in concentrating ability was seen 


saline diuresis at low rates of urine 


during mercaptomerin diuresis as compared with 
Meral- 
luride diuresis was associated with a similar de- 
When 


mercaptomerin action was potentiated by prior ad- 


mannitol diuresis at the same urine flows. 
crease in two of three subjects studied. 


ministration of ammonium chloride, there was 


greater apparent impairment of concentrating 


ability than with mercaptomerin alone. This im- 


pairment indicates that mercurial diuretic agents 


act at the renal concentrating site as well as on 
the proximal tubule. Acetazolamide was also 
found to cause a decrease in renal concentrating 


ability while chlorothiazide had little effect. 
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The combination of low serum content and low 
specific activity tracer material has presented a 
difficult technical barrier to the study of the plasma 
disappearance of tracer amounts of vitamin B,,. 


Three groups (1-3) have studied the rate of 
plasma disappearance of intravenous doses rang- 
ing from 0.5 to 4.0 ng. These doses were not and 
could not be considered to be of tracer magnitude 
since even 0.5 wg may equal the entire plasma con- 
Estren, Brody and Wasserman (3) in their 


gave 2x 10* to 9 x 10% ug 


tent. 

review per ml as 
the normal range of serum vitamin B,,. Thus, 
persons with plasma volumes of 3,000 ml would 
have a total plasma content of between 0.6 and 
3 pg. All three groups referred to above found a 
rapid plasma loss of the labeled B,, in normal sub- 
jects. Patients with chronic myelogenous leuke- 
retained more of the vitamin in the 
that the 


plasma-binding capacity of these patients pre- 


mia (1-3) 


plasma, and it was assumed greater 
vented the escape of the vitamin. 

If plasma binding determines the rate of loss 
from the circulation, the rapid loss described in 
normal subjects (1-3) may have been a conse- 
quence of the relatively large amounts of labeled 
The measurement of the disap- 


material used. 


pearance of truly tracer amounts of vitamin B,, 
appeared necessary for a proper understanding of 
the process. 

The term “binding” is used here according to 
current concepts of vitamin B,, plasma binding. 
A detailed discussion is beyond the scope of this 
paper, but the many approaches which give similar 
but not identical values can be summarized under 
three categories: 7) the use of dialysis or a re- 
lated process for the separation of free and bound 
vitamin; 2) the use of charcoal extraction for the 


same purpose; 3) making use of the unavailabil- 


ity of bound vitamin to certain microorganisms 


* Supported in part by Grant A-2808 from the National 
Institutes of Health, Bethesda, Md. 


until the serum is heated. Estren and associates 
(3) stated the unsaturated serum binding ca- 
pacity to be on the order of 7 x 10% wg per ml. 
This amount can be bound in addition to that al- 
ready present and in a bound form. A _ person 
with a plasma volume of 3,000 ml would then 
have a total unsaturated binding capacity on the 
order of 2 yg. 

An important contribution to the problem of 
binding was recently made by Miller and Sullivan 
(4) who found a seromucoid with specific mo- 
bility on electrophoresis to be the binding site of 
native vitamin B,,. However, added B,, could 
be bound to other sites firmly enough to resist 
removal by dialysis, and it appears that binding 
as measured by current in vitro techniques may 
measure more than that vitamin attached to the 
native binding site. Too little is known about the 
relationships between the plasma binding of vita- 
min B,, and vitamin B,, metabolism to permit the 
assumption that binding at a site different from 
that of the native B,, does not have biological sig- 
nificance. This recently described more restricted 
concept of binding is presented here mainly to 
emphasize that while im vitro binding of B,, can 
be measured easily and precisely by charcoal ex- 
traction or dialysis techniques, one must be 
cautious in relating it to in vivo events until it is 
better understood. For the present study, bound 
vitamin was considered to be that vitamin which 
could not be removed by charcoal extraction. 

Fortunately, a high specific activity cobalt®* 
vitamin B,, (Co**B,,) has recently become avail- 
able! This development and the adaptation of 
more sensitive counting techniques made it pos- 
sible to use very small amounts of labeled material 
The smaller 


50 to 1/250 of the entire 


in the present study. doses used 


were on the order of 1 
1 Supplied through the kindness of Dr. Nathaniel S 


Ritter, Merck, Sharp and Dohme Research Laboratories, 


Rahway, N. J. 
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VITAMIN By PLASMA DISAPPEARANCE 


plasma content and could be completely bound by 
30 to 40 ml of plasma and serum prior to injection. 


The purpose of the study was to describe the 


plasma disappearance of such a dose and to study 
factors influencing it. 
MATERIALS 


The were 
With the exception of the two patients 


AND METHODS 


Subjects. subjects hospitalized patients 


past age 50. 
who received vitamin B, mixed with large volumes of 
plasma, all of the control subjects had recovered from 


an acute illness. Patients with liver disease, alcohol- 


ism, malnutrition, gastrointestinal disease, neoplasms, 


leukemia, renal disease, diabetes, or endocrine disorders 
were excluded. All of the control subjects had normal 
serum vitamin B,, levels and normal serum binding 
capacities. 

Radioactive vitamin B,. All plasma and urine studies 
were made with two lots of Co”B,, of initial specific ac- 
The body-counting 
The 


majority of the studies were performed within one month 


tivities of 8.1 and 6.1 wc per ug. 
studies were done with one lot of 9.7 wc per ug. 


of receipt of shipment, a very few after two months. 
The vitamin B,, activity of each lot was checked by 
Euglena gracilis assay. One lot was checked for free 
Co™ by half-saturating a plasma with a known binding 
capacity and removing free Co” by dialysis, and none 
was detected. 
Vitamin B,, assay. The E. gracilis Z strain method of 
Hutner, Bach and Ross (5) was used throughout. Se 
rum B,. binding capacity was measured by the charcoal 
extraction method of Miller (6). 
was also used to determine the state of B,. in mixtures of 


Charcoal extraction 
Co™B,, and serum. 
Sampling procedure. 
taken at intervals and all measurements were performed 
Start and stop times of each sample were re 


Thirty ml venous samples were 


on serum. 
corded, and the half-times were used in the calculations. 

Counting procedures. The serum samples of 10 to 15 
ml were counted in flat-bottomed vials fitting snugly in 
a large diameter (hole, 1 inch) well crystal. Urines were 
counted in volumes of up to 600 ml in a beaker so de- 
signed that a conventional sized well crystal protruded 
into the beaker from below. Both systems were shielded 
with 2 inches of lead. All counting 
3aird-Atomic model 513 spectrometer set 
to include only the 0.8 Mev Co* The 
background with the conventional crystal ranged from 
14 to 17 cpm and with the large diameter well, from 
19 to 21 cpm. The following counts per minute per mi- 
crocurie were representative. Urine beaker: 500 ml vol, 
21,600; 100 ml vol, 43,000. Large well crystal: 10 ml 
vol, 157,000; 15 ml vol, 133,000. 


Serum and urine standards were made up from each 


was done with a 
scintillation 


8 


peak in the window. 


lot of material used, and the appropriate standards were 


counted <ith each set of samples. All samples from each 


experiment were counted on the same day without inter- 


ruption or change in the spectrometer. When a series of 


laid 


samples required a long counting period, the standard was 
counted at intervals to check spectrometer stability. Al 
most all of the serum and urine counting was carried to 
an accuracy of within 10 per cent, and two-thirds of the 
serum samples were between 4 and 7 per cent. Some of 
the weaker serum samples (24 to 48 hours) 
counted to only 10 to 15 per cent accuracy without un 


cc yuld be 


reasonably long counting times. 
Body counting. A dose of 0.17 ug 
1.0 ml was rapidly injected intravenously. 


(1.2 to 1.5 we) in 


One of two 
matched scintillation probes was placed over the fourth 
left intercostal space at the sternal border (precordium) 
and the other over the sixth right intercostal space at the 
midclavicular line angled at about 45° (liver). The col 
limators admitted radiation from an area 8.5 cm in diam- 
eter at 5 cm below the skin and from an area of 15 cm 
diameter at 15 cm depth. The ends of the collimators 
contact with the skin. Continuous 

Baird-Atomic model 535 

counts 


were in recordings 
were made using a ratio ana- 
recorded the liver and the 


lyzer. One probe 


other the ratio of liver /liver + precordium. 
utes after injection the simultaneous and continuous re- 


Five min 
cording was stopped, and interval body counts were con- 
tinued with one probe and a scaler. The body counts 


using the latter setup were made over two liver sites, 
the sixth right intercostal space at the midclavicular line 
and the ninth right intercostal space at the midaxillary 
line; over the left kidney; and over the The 


counting error with the latter setup was less than 5 per 


sacrum. 


cent. 
Calculations. 
Figures 1, 2 and 5, was taken as microcuries injected/plasma 


The zero time concentration, as plotted in 


volume. This time zero concentration was used as 100 
per cent of plasma concentration in the text where plasma 
disappearance is discussed, in all tables, and in Figure 2. 


Plasma volumes were not measured but calculated to be 


rik 
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CONTROL SUBJECTS 


45 ml per kg body weight. As will become obvious on 
examination of the data, any increase in precision by ac- 
volume could have in no 


tual measurement of plasma 


way altered the findings of the study. All radioactivity 
data were corrected for physical decay to the date that 


the samples were counted. 


RESULTS 


Disappearance of unbound intravenous dose. A 
dose of 0.043 peg (0.18 to 0.25 pc ) of Eyed | in 
5.0 ml of saline was given rapidly (half-time, 10 to 
13 seconds) to each of four subjects. The re- 
sults, expressed as per cent of estimated time zero 


rTABLI 


A. HALL 


TABLE I 


Vitamin By plasma disappearance, control subjects* 


Per cent time zero concentration remaining at 


Subject : 15 30 


min 
i 22 20 
4 30 25 
3. ‘ 24 19 13 
; 25 20 15 


H 


S 
5. 
A 
1 


I 
c. 2 
Mean 2 vee as 16 


* Dose 
saline. 


in all cases was 0.043 pg Co®®Bys in 5.0 ml of 


concentration remaining at intervals, are given in 
Table I. 


followed by a much slower fall in radioactivity. 


There was a period of very rapid loss 


A typical disappearance curve is given in Figure 
1 and Figure 2 (C.T.). The curves of all four 
subjects were of similar configuration. In order 
to explore the period after 48 hours, two subjects 
were given doses of 0.085 yg, and samples were 
taken during the 1 to 7 day period. The results 
given in Figure 2 show that the slow rate of loss 
continued for several days. 


Al- 


though in the first set of experiments the dose 


Disappearance of bound intravenous dose. 


could have been bound by a small fraction of the 
total plasma volume, there was a possibility that 
some of the vitamin left the circulation in a free 
state. Doses of 7.0 x 10° to 1.2 xk 10° pg (5.2 
x 10° to 9.2 
various amounts and types of serum or plasma be- 


x 10°? pwc) were then mixed with 
fore injection. A complete set of samples was not 
taken in each case, but there were sufficient samples 
to determine the type of disappearance curve. 


The dose, when it was given in up to 35 ml of se- 


II 


Vitamin By. plasma disappearance, control subjects 


Dose Dose added to 


MEK 
H.W 0.012 
P.P. 0.007 
G.K 0.012 
GS 0.012 
].M 0.012 
S.DiV. 0.010 
O.S 0.009 
C.DuB. 0.007 


Own serum 
Own serum 
Donor plasma 
Donor plasma 
Donor plasma 
Donor plasma 
Donor plasma 
Saline 

Own plasma 
None 


J.Ma. 0.008 


Remaining in plasma at 
Binding of 


Mixt. incub mixt 15 min 1 hr 


rnd the = 


min 


Yi wwnrye 


- 
uv 


ee ee ee ee 
Mannan 
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rum, was injected rapidly (half-time 16 to 21 sec- 
When the dose was given in 166 to 190 ml 
of plasma, the half-times of injections were 3 min- 


onds ). 
utes and 2 minutes, 30 seconds. The conditions 
of each experiment and the results are given in 
Table II. 


min was bound prior to injection, the plasma re- 


Although up to 97 per cent of the vita- 


moval was as rapid as that of the vitamin injected 
in a free state. 

The 24-hour urinary ex- 
In some 


Urinary excretion. 
cretion was measured in nine subjects. 
were taken at 
The 24-hour excretion 


cases urine samples intervals 
throughout the 24 hours. 
ranged from 0.1 to 1.9 per cent (mean 0.7) and 
almost all of the loss occurred in the first 1 to 2 
hours. The dose was given in saline in four sub- 
jects, and bound to serum in five. There was no 
correlation between manner of administration and 
amount excreted. 
Other body fluids. 


initial rapid loss from the serum may have been due 


It was considered that the 


to a rapid mixing with all extracellular fluid. Two 
subjects were then given 0.017 yg doses 1 hour and 
3 hours, respectively, prior to a pneumoencephalo- 
gram. No radioactive vitamin was found in the 
cerebrospinal fluid removed, although simultane- 
ous serum measurements showed the expected con- 
An identical dose was given to each 
and 


centration. 
of two subjects with cirrhosis and ascites, 2.5 


o—~o 
o—o 


Liver 
PRECORDIUM 


2000 + 
1800 4 
1600 - 


MINUTE 


1400 4 
1200 


PER 


1000 + 
800 4 
600 4 


COUNTS 


400 + 
200 + 
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7.5 hours prior to paracentesis. No radioactivity 
was found in the ascitic fluid. 


Surface counting of organs. Four subjects were 


given an intravenous dose of free Co°*B,. followed 
by simultaneous and continuous counting over the 
precordium and liver. Although absolute count- 
ing rates varied among the subjects, the distri- 
bution of the radioactivity, the time relationships, 
and the general proportions of activity between 
counting sites were the same. A typical organ 
uptake pattern is given in Figure 3. The hepatic 
radioactivity rose rapidly during a period when 


the precordial level was falling and reached a 
plateau between 1 and 2 minutes after the appear- 
ance of hepatic activity. At 5 minutes the simul- 
taneous and continuous recording was discontin- 
ued, and counting of other organ sites at intervals 
was started. In Figure 3 there is an interval of 10 
minutes between the plots of continuous and in 
terval counting. From other cases it was known 
that little or no increase in hepatic activity would be 


The hepatic activity 


expected during this interval. 
of Subject A.D. rose slowly from the 15 minute 


level to a peak 5 days later. The activity at this 
peak was between 60 and 70 per cent greater 


than at the 2 minute level. Thus the liver took up 


more than half of its ultimate radioactivity in less 


than 2 minutes, and the remainder slowly over 


several days. There was also an uptake of the 
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SACRUM 


SiNNOD 


u3d 





3iLNNIA 





0 


T T T T T T T T 

of 05 10 15 20 25 30 40 50 
Co'B,, TIME - MINUTES 

Fic. 3. 

left 


30DY COUNTING, SUBJECT 


from continuous, simultaneous 





A.D., 0.17 wg Lv. 
recording 


TIME - DAYS 


DOSE. Section on 


between 0 and 5 minutes. 


Section on right interval counting over three organs, 15 minutes to 14 days 


Note change im vertical axis. 


Because of change in equipment, absolute 


counts are not strictly comparable between the two sections. 





CHARLES 


rABLI 


Influence of large amounts of nonradioactive (‘‘cold” 


Injection time 


“Cold” Bi Route cold” Biz 


ME 
1,000 
60 


2.5 min 
33 min 


I.M. 

I.V. 1 
Infusion 
60 V. —15 sex 
Stat dose 


W.H. 89 


A. HALL 


itl 


Bs 312 


on plasma removal of 0.043 pg Co**® I 


Co*Bis remaining at 
24-Hour 
urinary excr. 
of Co®*Bi 


Minutes 


Simultaneoust 


* Injection time is time “cold” By» given in relation to time Co**By» given. 
+ Co®*B,. and “‘cold”’ By. were well mixed prior to injection. 


kidney and sacral areas followed by a decline in 
activity between Days 0 and 5, a period of rising 
hepatic activity. The dose of 0.17 yg, which was 
larger than that used in the studies of plasma disap- 
pearance, was necessary to give adequate counts 
for continuous recording. Interval organ counts 
were made on three patients receiving smaller 
doses of 0.017 to 0.043 pg, and the same prompt 
hepatic uptake of half or more of the ultimate level 
was observed. 

The plateau of hepatic uptake at 1 to 2 minutes 
could be considered as evidence of saturation of 


hepatic receptors. This possibility was investi- 


cos, 
wes/mi xi0® 


70+ 


gated by giving one subject the same dose of 
aris 


active B,,. 


(0.17 wg) mixed with 80 pg of nonradio- 
The 5 minute and ultimate levels of 
hepatic activity were on the order of one-half that 
of the subjects receiving only Co**B,,, a differ- 
ence which could be accounted for by the urinary 
loss known to result from a dose of 80 pg (Sub- 
ject W.H., Table III). 
a hepatic saturation phenomenon. 

Effect of large doses of nonradioactive B,». 


There was no evidence of 


The 
effect of a high plasma concentration of vitamin 


2 
12 


on the plasma disappearance curve was studied 


by the following series of experiments. The in- 
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UNTS OF NONRADIOACTIVE VITAMIN 
NG IN THE 


SUBJECTS, 





VITAMIN 


travenous dose of Co®*B,, was 0.043 pg in 5.0 ml 
of saline in all instances. 

1. In order to test the stability of the plasma 
B,, at the region of the curve where fall-off was 
slow, an intravenous infusion of 60 yg of nonradio- 
active (‘cold’) B,, was given 16 hours after 
Co®sB,,. The results given in Figure 4 (Sub- 
ject C. Van N.) indicate that in spite of a rise 
in plasma B,, level to 10 times the pre-experiment 
level, there was no fall in the Co®*B,., concentration. 
The rise after discontinuing the infusion was of 
borderline significance. In a second similar ex- 
periment (Subject J.R.), 1,000 wg was given in- 
travenously at 12 hours (Figure 4). There was 
no fall in the Co**B,, plasma level over a 4-hour 
period although there was a rise in the total B,, 
plasma level of 70 times that of pre-experiment. 
Four per cent of the dose of Co°*B,, was excreted 
in 4 hours. Had all of the excreted Co®*B,, come 
from the plasma, there would have been a fall in 
Co**B,, plasma level to 65 per cent of the starting 
level, which did not happen. The vitamin in the 
urine either came from the plasma and was exactly 
replaced with tissue vitamin B,., or it moved from 
tissue to urine without measurable change in 
plasma level. 

2. Three subjects received nonradioactive vita- 
min B,, at various times in close relation to the 


Co*B,, (Table III). When 


Co**B,., it had no measurable influence on the 


given after the 


Co**B,., curve except possibly after 6 hours (Sub- 
ject S.N.). Nonradioactive B,, given before the 
Co*B,, (Subject D.R.) resulted in speeding up 
of removal of the Co**B,., but the change was 
slight. 

3. Subject W.H. was given both Co*®*B,, and 
nonradioactive B,, simultaneously in the form of 
7.0 ml of a previously prepared mixture in saline. 
(in- 
some 


He received a total of 89 pg of vitamin B,, 
There 
deviation from the type of curve obtained with 


jection half-time 6 seconds). was 
small doses, but the changes were surprisingly 
minor (Table III) and could have been produced 
solely by the 51 per cent loss in the urine. 


DISCUSSION 


The present study is primarily concerned with 
the description of plasma vitamin B,. disappear- 


ance in the subject without disturbance of vitamin 
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B,. metabolism. Mathematically, the vitamin B,, 
disappearance curves obtained above could be 
analyzed in more than one way, but the concept 
of a multi-compartment closed system (7) seemed 
to best fit the data. 
tem of four compartments is: 


The equation for such a sys- 


C = ae*st + best + ceKst + de-Mst + f, 


where C = the plasma concentration; a, b, c, d, 
and f are constants; and k,, k,, k,, and k, are the 
summation of constants expressing the fractional 
change per unit time for separate processes. All 
of the curves could be broken down into four such 
components. For example, the curve of Subject 
Oa te 
Vetter (7) to give the following values of k as 
74; 


The biological 


was analyzed by the procedure of Veall and 


the fractional part removed per hour: k, 
bey, = O80: be =O 10s key = O01. 
significance of this analysis is a matter of conjec- 
ture, but it is useful in discussing the curves. 
The rapid component of the disappearance curve 
was similar following doses ranging from 7 x 10°° 
to 89 yg, although the data do not permit the con- 
clusion that rates or physiological mechanisms 
With the doses of 0.043 pg and 
less, all of the Co**B,, in the serum was in the 


were identical. 
bound form. In the study using an 89 pg dose, 
almost all was in the free form, but similar curves 
were obtained in both studies. In the pre-binding 
studies, 80 to 97 per cent pre-injection binding 
was achieved, but the vitamin was still no better 
retained in the circulation. These findings do not 
support the concept that the greater the binding 
capacity of the plasma, the slower the loss from the 
circulation. 

The distribution of the initially rapidly disap- 
pearing tracer dose could be only partially deter- 
mined. It was not excreted and was not detected 
in cerebrospinal fluid or ascitic fluid. There was 
evidence of rapid accumulation in the liver and 
kidney. Liver accumulation then continued at a 
slower rate after the plasma Co**B,, had fallen to 


a low level. Possibly, that vitamin rapidly taken 


up by tissue was intracellular but not in its ulti- 


mate intracellular form. Evidence of such a con- 
cept is found in the recent work of Strength, Alex- 
ander and Wack (8). 


kidney homogenate B,, 


They observed a fall in rat 
and supernatant B,, but 
a rise in the mitochondrial content over the pe 
riod of 0.5 day to 12 days to 30 days after the last 
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of five doses of 1.0 wg. The rat liver homogenate 


B,,. rose over the same period, and while the B,, 
content of both the supernatant and mitochondrial 
fractions increased, the latter showed the greater 
increase. 

The initial phase of disappearance was virtually 
complete in an hour or less. The events following 
immediately were less well defined. A substance 
which moves among several compartments, as in 
the type of system being used as a model in this 
discussion, both enters and leaves a compartment. 
Re-entry into a compartment such as the plasma 
could not be detected if the total rate of loss was 
continually greater, and no evidence of re-entry 
into the plasma was detected in the control sub- 
jects. The two experiments made 12 and 16 hours 
after the injection of Co**B,. indicate that by this 
time the vitamin was in a state differing markedly 
from that shortly after administration. The level 
of Co*B,. 
radioactive B,. 
Co*B,. 


urinary excretion and hepatic uptake. 


did not fall as large amounts of non- 
passed through the plasma, but 
was still available from some source for 


The fourth component of the equation which 
predominated after 24 hours may be significant in 
relation to total body turnover. This component 
is evident by inspection of all curves carried to 24 
to 48 hours but is best seen in the curves of the 
two patients followed beyond 48 hours (Figure 
2). The k, for Subject E.B. was 8.0 x 10 


hour with a half-time of 82 hours. 


per 
Assuming that 


the daily plasma turnover of vitamin B,, 


equals 
the fraction removed per day times total plasma 
B,,. (micromicrograms per milliliter) times plasma 
E.B. 


0.18 pg per day between Days | to 7. 


volume (milliliters), Subject turned over 
There are 
too many unknown factors to permit the conclu- 
sion that this figure represents the plasma turn- 
over of normally metabolized B,,, but the order 
of magnitude is in keeping with the general con- 
cept that body B,. turns over slowly. 

A significant point is brought out by comparing 
the 48 hour Co**B 
0.043 pg (C.T.) with that of the subject receiving 
89 pg (W.H. Vs 
dose in his plasma, or less than 1.0 pug per ml. 
W.H., who lost 50 per cent of the dose in the 


level of a subject receiving 


C.T. bound 3.2 per cent of the 


urine, bound either 0.50 per cent or 2.4 per cent, 


depending upon whether the serum level was 


measured by radioactivity or bioassay, which was 


CHARLES A. HALL 


on the order of 1,000 times that bound by C.T. 
Obviously the amount of B,, bound in the plasma 
at 48 hours (body distribution was relatively fixed 
by this time) was determined by a process more 
complex than a simple addition of vitamin B,, to 
a plasma with unsaturated binding sites. 

The present work should also be discussed in 
terms of the more restricted concept of binding 
presented by Miller and Sullivan (4). 
C.DuB. (Table IT) received 7.0 x 10 
previously mixed with 16.5 ml of his own plasma 


Subject 
pg of B,, 
and incubated for 2 hours. Using 650 pug per ml 
as the binding capacity of the native binding pro- 
tein (BP) (4), this subject could bind 460 ppg 
per ml in addition to that already present (650 
peg per ml minus the bound native B,., 190 ppg 
per ml). Since 420 pug was added per ml, all 
could have been bound to the native BP. How- 
ever, actual determination of the binding site is 
necessary in such experiments, for possibly other 


binding sites preferentially bind the B,., in vitro. 
| 


Handling of plasma prior to in vitro binding may 
alter the BP, although this did not appear to be the 
case with the chronic myelogenous leukemia sera 
Miller 
same type of calculation, Subject J.Ma. (Table 


studied by and Sullivan. Applying the 
II), who received the dose in saline, would be 
able to bind all of the dose in 29 ml of plasma. 
Even Subject C.T. (Table 1), 
larger dose in saline, would be able to bind the 
It would 


who received a 
dose completely with 112 ml of plasma. 
then appear that these two subjects could have 
to the BP 
One cannot assume that such a binding 


promptly bound the added vitamin B,, 
in VIVO. 
does take place. Actual measurements of binding 
site must be made and compared with the binding 
resulting from intramuscular and oral administra- 
whether intravenous ad- 


tion. It is not known 


ministration simulates natural intake. Orally in- 
duced vitamin may bind to BP immediately on 
entry into blood or it may bind to another site and 
shift to BP either within the circulation or within 
a specific tissue. 

If adequate techniques can be developed, fur- 
ther studies of the chemical state of the B,, in 
plasma would also answer the question of whether 
the Co** 
remains in the form of Co**B,,. 


in the plasma various times after a dose 
Such a question is 
crucial in the interpretation of the present study. 
The amounts in plasma in the present study were 
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too small to permit analysis. However, several 
investigators studying dynamics of larger doses 
have used various direct or indirect means to de- 
termine whether labeled B,, remains as such after 
administration. No one has presented any evi- 
dence of the in vivo separation of the radioactive 
cobalt from the B,,. 


SUMMARY 


The plasma removal of intravenous doses of 
7.0 x 10°* to 4.3 x 10°? wg of cobalt®* vitamin B,, 
was studied in control subjects. Initially the vita- 
min was removed rapidly, less than 20 per cent 
remaining in 1 hour. This loss did not represent 
excretion but was due to entry into tissue. Com- 
plete in vitro serum or plasma binding of the vi- 
tamin prior to administration did not influence the 
rate of disappearance. An increase in dose of 
2,000-fold did not significantly change the frac- 
tion removed per unit time during the initial phase 
of loss. Twelve to 16 hours after administration 
the vitamin in the blood was more firmly fixed 
than some of the tissue B,,. After 24 hours a 
slow decline in plasma activity continued for sev- 


eral days. 


. Miller, A., and Sullivan, J. F. 


. Strength, D. R., Alexander, W. F., 
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Although macroglobulinemia of Waldenstr6m 
is a rare disorder, the physicochemical modifica- 
tion of macroglobulins therein has broad implica- 
tions, since similar large proteins may be involved 
in the pathogenesis of symptoms associated with a 
variety of relatively common diseases; i.e., Rh 
isosensitization, hemolysis due to cold agglutinins, 
and so on. Also, a number of normally occur- 
ring proteins (properdin, isohemagglutinins, and 
others) are macroglobulins. 

In macroglobulinemia of Waldenstrom the path- 
ological proteins are responsible for the increased 
serum viscosity which is usually present (1). In 
certain instances the macroglobulins also possess 
the properties of cryoglobulins or cryogelglobu- 
lins, i.e., they precipitate or gel at temperatures 
lower than 37° C (2). These abnormal! proteins 
(paraproteins) may be responsible for the pro- 
duction of Raynaud’s phenomenon, ulcerations or 
gangrene. High environmental temperature may 
be somewhat helpful in preventing the damaging 
effects of cryo or cryogelglobulins. Plasmaphere- 
sis and exchange transfusions have not been found 
to be satisfactory in the elimination of the para- 


proteins over long periods of time (3,4). There- 


fore, another avenue of investigation into phenom- 


ena related to these substances has been explored. 

Deutsch and Morton (5) and Glenchur, Zinne- 
(6) that 
macroglobulins. 
The addition of 0.1 M cysteine at pH 7.4 to a mac- 


roglobulin with 18S, 25S and 32S components 


man and Briggs have demonstrated 


mercaptanes will depolymerize 


produced conversion to a single 6S component. 
Following removal of cysteine by dialysis, there 
was reaggregation of the proteins with the forma- 


* Aided in part by United States Public Health Grant 
CY-3096(C1) and American Cancer Society Grant T-168 
part at the 32nd Annual Meeting of the 
Central Society for Clinical Research, Chicago, Novem 
ber 6, 1959. 
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tion of two different types, one of 13S and the 
other of 18S (5). Heimer and Federico (7) 
have conclusively demonstrated that the macro- 
globulins representing the rheumatoid arthritis 
factor (19 and 22S components) can be depoly- 
merized to a 7S unit with cysteine. This reduc- 
tion was associated with loss of its hemagglutina- 
tion properties. Despite subsequent reaggregation, 
hemagglutination could not be demonstrated. Is 
liker (8) treated the physiological 19S a-2-macro 
globulin with cysteamine ; thereafter, the ultracen- 
trifugal pattern revealed a 6S component. De 
polymerization was also indicated by an immediate 
sharp drop (more than 50 per cent) of the original 
relative viscosity. In contrast to the effect upon 
macroglobulins, similar treatment of normal 7S 
y-globulins did not produce any change of the 
ultracentrifugal or viscosity patterns. It has been 
shown that cysteamine can convert properdin from 

a 23 to 25S component to a 6S fraction (8). 
Methods which might induce depolymerization 
or abolish cryogel properties of a parapr¢ ‘tein as 
sociated with macroglobulinemia of Waldenstrom 

were investigated. 
MATERIALS 


AND METHODS 


The experimental material for this stidy was provided 
Waldenstrom 
viscosity, 
The 


a cryogelglobulin be- 


by a patient with macroglobulinemia of 


proven by bone marrow examination, serum 
and immunological and ultracentrifugation studies 
serum exhibited the properties of 
tween 13° and 20° C (2). The S.» value of this protein 
was 19S and the macroglobulin fraction comprised 38 
total 


serum 


globulin 
Electro- 


serum proteins; total 4 
100 ml 


homogeneous 


cent of the 
the 


per 


content of was 7.6 g per 
was a 
The intrinsic vis 
divided by the 


100 ml, at 


phoretically, the macroglobulin 


y-globulin of the intermediate type 


cosity [specific viscosity (m rel 1) 


concentration of serum protem in grams pe! 


infinite dilution] of this macrocryogelglobulin was ap 


1 Relative viscosity, 7 rel 
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EFFECT OF 


The axial ratio of the 95 per cent 
11.5 (de- 


(euglobulin ) 


proximately 0.125 
approximately 
The Sia 


(2) |. 


macroglobulin was 


(hydrated). 


purified 
hydrated) and 8.5 
test was strongly positive [3 
Freshly drawn heparinized whole blood and fresh se- 
(stored at 20° C for 7 
addition to the 


rum as well as aged serum 
days) were used in these studies. In 
whole blood and serum from the patient with macroglob- 
ulinemia, heparinized whole blood samples from 7 patients 
with multiple myeloma and from 4 normal persons were 
examined. 

Chemical substances used were bL-penicillamine (DL- 
dimethylcysteine),2 cysteamine (f-mercaptoethylamine) ,° 
penicillin G potassium (Squibb) and Benemid (Merck). 

Antiserum against the patient’s serum that was rich 
in macrocryogelglobulin (aB) was prepared by injecting 
1 ml of fresh macrocryogelglobulin serum into the margi- 
nal ear veins of a 2 kg rabbit every other day during a 
10 day period. After 10 additional days, the rabbit was 
exsanguinated under sterile conditions by percutaneous 
cardiac puncture. The serum (aB) was stored at + 4° C. 
1. Studies of the effects of DL-penicillamine upon serum 

viscosity, gel formation, Sia test, formol gel test and 

serum protein content 

a. DL-Penicillamine (10 mg in 0.2 ml of 0.9 per cent 
solution ) to 2 
This was incubated at 37° C for 


sodium chloride was added ml of aged 


macroglobulin serum. 
Determination of the serum viscosity was 
? 


15 minutes. 
performed at 20° C using an Ostwald viscosimeter of 
The 
dividing the flow time of serum in seconds by the flow 
Paper electrophoretic 


ml volume. relative viscosity was calculated by 
time of distilled water in seconds 


examination of the serum samples was carried out 


(Spinco Durrum, model R, Series C). Measurements of 
nm rel. and electrophoretic examinations as well as de- 
termination of the total serum proteins were made im- 
mediately before and after and 24 hours (kept at +4 
C) following incubation. 

b. pt-Penicillamine was administered orally (250 mg 
every 6 hours in capsules) for 19 days. Serial determina- 
tions of serum viscosity (20° C) were carried out and the 
concentrations of the total serum proteins and globulin 
fractions were determined. 

The serum samples were also tested for gel formation 
(at 4°, 13° and 20° C). 


were performed. The Sia test was performed and graded 


The Sia test and formol gel test 


as follows (2). 
to 10 ml of electrolyte-free water using a Pasteur pipet 
The 
was 
(milky) 

Readings were per- 


One drop (0.1 ml) of serum was added 


(rinsed in electrolyte-free water). formation of 
slight within 10 
Moderate turbidity 
graded 2+ and 3 


within 


turbidity seconds graded 1 


and heavy turbidity were 
respectively 
The technique used for the 
To 0.5 ml of 


drop of 40 per cent formalin was added using a Pas- 


formed 10 seconds. 


formol gel test was as follows. serum 1 


2 Aldrich Chemical Co., Milwaukee, Wis. 
3K. & K. Laboratories, Jamaica, N. Y. 
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teur pipet. Gel formation within 2 minutes was con 


sidered to be a positive formol gel test 
2. Studies of the effect of viscosity, gel 
formation, Sia test, formol gel test, thermosedimenta- 


penicillin on 


tion rate and protein content of serum 


a. To 2 ml of freshly drawn serum from the patient 
with macroglobulinemia, 0.2 ml of 0.9 per cent sodium 
chloride solution was added. This sample served as a 
control. To a second sample of macroglobulin serum, 
20,000 U (Squibb) 
in 0.2 ml of 0.9 per cent sodium chloride solution, was 


C for 


of penicillin G potassium dissolved 


added. The serum samples were incubated at 37 
30 minutes. This procedure was also applied to aged 


serum. before and after incubation with 


penicillin G, the sera were tested for gel formation at 4°, 
13° and 20 
the Sia test and formol gel test were performed. 

b. Ten million U of penicillin G potassium in 250 ml of 


Immediately 


C; the viscosity was determined at 20° ( 


5 per cent glucose in water was infused intravenously 
within 1 hour, Viscosity of the serum was determined 
immediately before and after the injection and at 30 and 
The 
immediately before and after peni- 
total 


90 minutes thereafter. sedimentation rates were 
determined at 37° C 
cillin administration. Determination of serum pro 
teins and paper electrophoretic examination were carried 
out on serum samples removed immediately before and 
after penicillin infusion 

c. The same procedure was repeated with penicillin G 
potassium dissolved in only 100 ml of 5 per cent glucose 
in water. 


d. The procedures were identical with those under 2) 


except for the additional administration of Benemid in a 


dose of 250 mg every 6 hours, begun 12 hours prior to the 
infusion of penicillin and continued to the end of the 
tenth day. The serum viscosity was measured immedi- 
ately before and after the administration of penicillin and 
at time intervals of 1, 2, 24, 48 and 72-hours.- The ther- 
mosedimentation rates were obtained by determining the 
sedimentation rates of heparinized blood samples simul- 
taneously at 4, 13, 25 and 37° C (Wintrobe). 
3. Studies of the effect of cysteamine upon the viscosity, 

gel formation and Sta test 

a. Two-tenths ml of freshly prepared cysteamine solu- 
(1.0, 0.1 0.01 per 
To a fourth se- 


tions of varying concentrations and 
cent) was added to 2 ml of aged serum 
rum sample which served as a control, 0.2 ml of 0.9 per 
added. All samples 


15 minutes ; 


cent sodium chloride solution was 


were incubated at 20° C for the 7 rel., gel 
formation and Sia test were determined immediately be- 
fore and after incubation and 24 hours later (serum was 
stored at 4° C) 

f DL-penicillamine, penicillin G 
potassium upon the 
properties of the macrocryogelglobulin 


4. Studies of the effect 


and cysteamine immuno phorett 


The Ouchterlony agar diffusion technique (9) was em- 
ployed to study the influence of the pL-penicillamine, peni 
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Fic. 1. INFLUENCE oF JN VITRO ADDITION OF DL-PENI- 
CILLAMINE (10 MG DISSOLVED IN 0.2 ML OF 
NaCi 


M ACROCRYOGEI 


0.9 PER CENT 


SOLUTION ) UPON RELATIVE VISCOSITY OF AGED 


SERUM (2 ML; SEE TEXT) 


cillin G potassium and cysteamine upon the macrocryo- 


gelglobulin. In Petri dishes containing 2 mm thick layers 
of 1.5 per cent purified agar gel (Difco-Nobel agar) the 
precipitin reactions were observed between a rabbit anti- 
macrocryogelglobulin (aB), the 


serum macrocryogel- 


globulin serum (B), and an anti-y-globulin serum (aG). 


a. The patient’s serum served as a control 


b. In a second series, pL-penicillamine was added to the 


agar at 40° C (the final concentration of penicillamine 
was 1 per cent) and rabbit antimacrocryogelglobulin se- 
well) was allowed to react with the 


rum (0.6 ml per 


macrocryogelglobulin serum (0.4 ml per well). Read- 
ings were made after 24 hours 

c. In a third series penicillin G potassium was incor- 
porated into the agar gel. The final concentration of 
penicillin was 1 per cent 


d. In a 


agar gel 


added to the 
(final concentration of cysteamine was 1 per 


fourth group, cysteamine was 
cent) and rabbit antihuman macrocryogel serum was al- 
lowed to react with macrocryogelglobulin. In order te 
prevent dissociation of the mercaptane cysteamine, the 
Petri dishes were kept in an atmosphere of pure nitrogen. 

To assure comparable results, each group of in vivo 


studies was performed only after viscosity, sedimenta- 
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Fic. 2. ELECTROSEROGRAM ; CONTROL SERUM AND 


CILLAMINE-TREATED SERUM IMMEDIATELY BEFORE 


AFTER WELL AS 24 


TEXT) 


INCUBATION AS HOURS LATER 


tion rate, Sia test and gel formation had returned to 
pretreatment levels 
RESULTS 
1. DL-Penicillamine 
a. The addition of pt-penicillamine to macro- 
globulin serum resulted in a decrease of the » rel. 
from 47.4 to 10.2 immediately following incuba- 


FABLE I 


Effect of addition of DL- penicillamine to macroglobulin serum 
upon total serum proteins and electrophoretic partitions. 


Globulins 
T.S.P.* Albumin a2 B 
* £ 
1. Control samples 


Immed. before : 3.101 108 


incubation 


Immed. after e 5. 8.6 9.6 
incubation 


24 Hrs after » Fe 8.6 9.0 
incubation 
rest samples 


Immed. before 
incubation 


Immed. after 
incubation 


24 Hrs after 
incubation 


Total serum proteins 





EFFECT OF 


Relative 
Viscosity 
(7 rel.) 

280 5 


D,L - PENICILLAMINE 


240 4 (250 mg every 6 hrs ) 


4 
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Normal range 


G 





24 
Time 
Fic. 3. INFLUENCE OF 


ORALLY ADMINISTERED 


VISCOSITY 
tion and 20.7 after 24 hours (Figure 1). Penicil- 
lamine-treated serum revealed splitting of the ho- 
mogeneous main y-globulin fraction when electro- 
serogram was obtained immediately after incuba- 
tion. 
at 25° C) again a homogeneous y-globulin frac- 
tion was seen. 


Twenty-four hours later (upon standing 


The control sample (saline) did 


Relative 
Viscosity 


(# rel.) 
1 260 + 


Fresh control 
serum 


240 





220 + 
200 | 
180 + 
160 + 


Fresh serum 


140 +4 penicillin treated 


120 + 





>, Aged control 
100 + serum 
80 + 
60 + 
#0 4 





Aged serum 
penicillin treated 


20 4 











Period >| 
30 Minutes 


Fic. 4. 
PENICILLIN 


IN VITRO 
RELATIVE 


INFLUENCE 
G 
AGED SERUM. 


OF THE ADDITION OF 


POTASSIUM UPON VISCOSITY OF 


Two-tenths ml of 0.9 per cent 
NaCl solution containing 20,000 U of penicillin G potas- 


FRESH AND 


sium was added to 2 ml of serum; sera were incubated at 


37° C for 30 minutes. 


DL-PENICILLAMINE 
OF SERUM 


aay yu 
28 32 
in Days 

(250 


(SEE TEXT). 


MG 4 TIMES DAILY) UPON RELATIVE 


4 


not reveal these changes (Figure 2 The abso- 
lute values for the total serum proteins and the 
relative values for the albumin and globulin frac- 


Table I. 


tions are shown in 


b. Oral administration of pL-penicillamine pro- 
239 


voked a successive decrease of the » rel. from 
to 6.9 (97 per cent) within two days (Figure 3). 
Except for transient increases of y rel. on Days 
4 and 7, the viscosity remained at levels close to 
the normal range (2). Despite the discontinu- 
ance of penicillamine on Day 19, no substantial in- 
crease of viscosity appeared within the following 
30 days. 
teins and relative values of the y-globulin fractions 
(in parentheses) were : 9.4 g per 100 ml (52.2 


The absolute values of total serum pro- 


per 
cent) one day prior to the beginning of penicilla- 
mine treatment; during the treatment and post- 
treatment periods the following values were ob- 
tained : first day, 9.5 g per 100 ml (46.5 per cent) ; 
sixth day, 9.6 (43.4) ; thirty-fifth day, 8.8 (37.9) ; 
fifty-third day 9.1 (40.7) and seventy-fifth day, 9.2 
(44.4). The main y-globulin fraction (homogene- 
ous macroglobulin fraction ) 


was “split” on the 


sixth day of the treatment period. Gel formation 
of the serum was abolished and the Sia test be- 
came negative on the second day of treatment. 
There was no change in the formol gel test 


throughout the test period. No major increase of 
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the y rel. was noted through the fifty-seventh day 


of observation. 


2. Penicillin G 

a. Following in vitro incubation of the serum 
with 20,000 U of penicillin G potassium, a signifi- 
cant decrease of relative viscosity was observed. 
In treated fresh serum, the y rel. decreased from 
240 to 148 (38 per cent) ; in treated aged serum, 
the relative viscosity decreased from 107 to 20.2 
(81 per cent, Figure 4). Gel formation occurred 
at temperatures between 13° and 20° C before in- 
cubation in both fresh and aged sera, but following 
in vitro incubation with penicillin it did not ap- 
pear at 4°, 13° or 20° C. The Sia test 


strongly positive (3+) in both serum samples 


was 


before incubation, but was only slightly positive 
(1 +) following incubation with penicillin. The 
formol gel test remained positive. 
































Normal range 
~ 2.0 
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Time in Minutes 





ic. 5. INFLUENCE OF THE INTRAVENOL ADMINISTRA 


TION OF PENICILLIN G POTASSIUM UPON RELATIVE VISCOSITY 


OF SERUM. Ten million U of penicillin G diluted in 250 ml 
of 5 


within 60 minutes. 


per cent glucose in water was given intravenously 
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LEVIN 


Sedimentation 


(ater iheer} Ac Riana B, Multiple Myeloma / C, Macrocryogelglobulinemia 
70 - —Prior to penicillin 
administration | 
— — Following penicillin b 
administration ; e 
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m4 13° 20 25 74 
Centigrade 


mates. At 4°, 1 


Degrees 


Fic. 6. THERMOSEDIMENTATION 


20°, 25 


3 
normal individuals [4]; B, 


and 37° C in: A, 
multiple vis. & 
( prior to penicillin administration, 


myeloma macrocryogelglobulinemia 
following 


penicillin administration ). 


b. The intravenous infusion of 10 million U of 
penicillin G potassium was followed by an im- 
mediate sharp drop of the relative viscosity of the 
serum from 243 to 54.8 (77 per cent, Figure 5). 
Ninety minutes following the completion of the 
infusion there was an increase of viscosity to 130. 

The sedimentation rate prior to the penicillin 
administration was quite low (3 mm after 1 hour 


at 37° C); whereas after penicillin infusion the 


Relative 
Viscosity 
” rel 


BENEMID 
(250 mgm every 6 hrs) 


}&— Penicillin Infusion 
(10 million units 


Normal range 
2.0 
ailinnete 











os 9% 119 120 


7 RELATIVE VISCOSITY OF SERUM BEFORE AND 


ADMINISTRATION OF 10 MILLION 


In 250 ml of 5 per cent 


AFTER INTRAVENOUS 
U of 
glucose in water combined with Benemid (250 mg every 


THI 
PENICILLIN G POTASSIUM. 


6 hours, orally). 





EFFECT OF 


Relative 
Viscosity 
(7 rel.) 


Control 

0.01 % cysteamine 
0.1% cysteamine 
1% cysteamine 


<- Incubation Period 
4 














Normal range © 
parses a 8, O28 
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15 Minutes >\< 














—-24 Hours —_____.. _______» 

Fic. 8. 
CYSTEAMINE RELATIVE 
IN VITRO IMMEDIATELY AND 24 HOURS AFTER INCUBATION 
(SEE TEXT). 


INFLUENCE OF VARYING CONCENTRATIONS OF 


UPON VISCOSITY OF AGED SERUM 


sedimentation rate increased to 64 mm after 1 hour 
at 3/ 


c. The infusion of 10 million U of penicillin G 


C (Figure 6C, a). 


dissolved in 100 ml of 5 per cent glucose in water 
produced a decrease of serum viscosity almost 
identical with that seen following the infusion of 
penicillin in 250 ml of 5 per cent glucose in water 
(2b). 
rapid after penicillin infusion (from 17 to 67 mm 


The sedimentation rate (37° C) became 
after 1 hour, Figure 6C, b). 

d. A third infusion of 10 million U of penicillin 
G potassium was combined with the administration 
of Benemid. Again, the drop in relative viscosity 
was striking (from 175.5 to 85.9), but no re- 
bound phenomenon occurred. Indeed, the vis- 
cosity decreased further to 14.0 during the next 
hour with a total reduction of 92 per cent in rela- 
tive viscosity at the end of 2 hours. Follow-up 
studies revealed a slight increase of viscosity dur- 
ing the next three days; after five days the original 
viscosity had been exceeded (Figure 7). 

The pattern of the thermosedimentation rate 
resembled that seen in the preceding experiment 
(O mm at 4°, 0 mm at 13°, 0 mm at 25 
at 37 
at 13°, 3 mm at 25°, and 62 mm at 37 


after penicillin administration ). 


, and 2 mm 
C before penicillin and 0 mm at 4°, 1 mm 
C, 1 hour 


3. Cysteamine 
a. The relative viscosity of the aged serum be- 


fore incubation with cysteamine was 56. Imme- 
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diately following incubation the following values 
were obtained: control (a) 56; sample (b) (0.01 
per cent cystedmine) 29; sample (c) (0.1 per 
cent cysteamine) 16; sample (d) (1.0 per cent 
cysteamine) 11. After 24 hours’ incubation the 
values were as follows: control (a) 146; sample 
(b) 28.2; sample (c) 16; sample (d) 8.5 (Fig- 
ure 8). 
and 20 


three treated serum samples. 


Gel formation was abolished between 4 
C and the Sia test became negative in all 


b. Essentially the same pattern was obtained in 
fresh serum (Figure 9). 


#, The effect of DL-penicillamine, penicillin G po- 
tassium and cysteamine upon immunophoretic 
properties 

Ouchterlony plates 


a. The control plates revealed a y-globulin line 
between the antigen (B) and the antibody wells 


(aG and aB) and a macrocryogelglobulin precipi- 


VISCOSITY 


0.01 % cysteamine 
= 0.1% cysteamine 
= 1% cysteamine 


Addition of 
| cysteamine 




















Normal range 2.0 





24 hrs 


Fic. 9. INFLUENCE OF CONCENTRATIONS OF 


CYSTEAMINE 


VARYING 


UPON RELATIVE VISCOSITY OF FRESH SERUM 


(SEE TEXT). 
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Fic. 10 
to diffuse from their respective wells. 
anti-human 


were formed [aB 


globulin-serum; aG: 


A. Control. 


COLEMAN AND W. C. 


OUCHTERLONY AGAR GEL DIFFUSION TESTS. 
At the site of confluence precipitin lines 
macrocryogelglobulin-serum; B 


LEVIN 


The samples were allowed 


macrocryogel- 


anti-y-globulin-serum (Behring ) } 


The precipitin line close to the antibody well (aB) represents the 


y-globulin line; the well-outlined line in the middle between the aB and B wells 


is the macroglobulin precipitin line; the precipitin line between B and aG repre- 


sents the y-globulin line. 


Following the addition of pL-penictllamine to the agar gel, the precipitin lines 


of the macroglobulin have joined those of y-globulin, indicating a change in 


diffusion rate and immunological affinity to y-globulin. 


The addition of penicillin to the agar gel reveals no changes as compared with 


the control plates (A). 


D. Cysteamine has resulted in changes of mobility of the macrocryogelglobulin 


which are comparable with those seen after the addition of pL-penicillamine. 


tin line between the antibody (aB) and antigen 
wells (Figure 10A). 

b. The addition of pt-penicillamine resulted in 
the disappearance of the macroglobulin precipitin 
line and an increase of the y-globulin line which 
shares partial antigenicity with the gamma line 
between B and aG (Figure 10B). 

c. Penicillin G potassium did not evoke any ob- 
vious changes of the precipitin pattern (Figure 
10C). 

d. The addition of cysteamine to the agar gel 
resulted in disappearance of the macroglobulin 


precipitin lines, and an increase of the y-globulin 
10D). 


precipitin lines was noted (Figure 
DISCUSSION 

pL-Penicillamine is used as a chelating agent in 
heavy metal poisoning (10) and in Wilson's dis- 
ease (11-13). Toxic side effects, such as inhibi- 
tion of growth in animals (14), interference with 
vitamin B, utilization (12, 14-16) and the ac- 
tivity of some hepatic transaminases (16, 17) as 
well as dermatological manifestations (18) have 
been produced by the L-form of penicillamine. 





EFFECT OF 


p-Penicillamine appears to be nontoxic (14). The 
high price of this compound, however, limits its 
liberal clinical use. Penicillin is partly metabo- 
lized into p-penicillamine (12, 19-21). The above 
observations indicate that both penicillir (or a 
breakdown product of penicillin) and pi-penicilla- 
mine produce pronounced changes in the physical 
characteristics of the serum both im vivo and in 
vitro. Also, after penicillamine and_ penicillin 
therapy there was marked clinical improvement, 
which was reflected by disappearance of cold in- 
tolerance, cessation of hemorrhagic diathesis with 
normalization of clotting status, increase in ap- 
petite and weight, and generalized feeling of well- 
being. 

Following depolymerization of macroglobulins 
with mercaptanes, there is usually a pronounced 
rebound of the y rel. (Figures 1, 5,7). Thus, the 
7 rel. may even exceed the original value within 
one hour (8). 
following the infusion of penicillin G imitates this 


The pronounced rebound of 4 rel. 


characteristic feature of depolymerization although 
the alterations in the physical characteristics of 
the serum reported herewith could theoretically 
be due to some molecular modification other than 
depolymerization. The prolonged decrease of 
serum viscosity and increase in thermosedimenta- 
tion rate following the penicillin infusion with 
JZenemid suggest increased retention and sus- 
tained action of either penicillin or a metabolite, 
such as penicillamine. The altered pattern of 
thermosedimentation rate following treatment with 
penicillin and penicillamine both in vitro and in 
vivo is similar to that seen in some untreated mye- 
loma sera with 7S paraproteins (Figure 6B). 

The failure of the relative viscosity to return 
completely to normal may be due either to per- 
siste:ce of macroglobulins or to an increased 
amount of 7S globulins. In the presence of macro- 
globulins without cryo or cryogel properties the 
serum viscosity is higher than normal. However, 
it has been conclusively shown that increased quan- 
tities of 7S y-globulins can also produce slightly 
increased y rel. This is particularly true in the 
presence of 7S paraproteins, such as multiple 
myeloma protein (22). Disintegration of a patho- 
logical macroglobulin may result in the produc- 
tion of such a small sized paraprotein. 

On theoretical grounds, removal of the macro- 


globulin from the blood could explain these find- 
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ings. Unchanged total serum protein and elec- 
trophoretic results of the examined serum samples 
immediately before and after treatment with peni- 
cillamine in vitro and in vivo rule out this possi- 
bility. Furthermore, Isliker’s findings (8) of pro- 
nounced reduction in the serum viscosity with 
subsequent rebound following the depolymeriza- 
tion of the a,-macroglobulin are similar to obser- 
vations made following treatment of our serum 
samples with penicillamine and penicillin. 

The change in the Sia test readings may be at- 
tributed to reduction in the molecular size of the 
macroglobulin, since the precipitation of the para- 
proteins appears to be independent of the cryo or 
cryogel properties. According to Steel (23) the 
Sia test can be employed in testing the stability 
of macroglobulins. In contrast, the abolishment 
of gel-forming characteristics following treatment 
with penicillin, penicillamine and cysteamine can 
be explained by inactivation of the cryogel prop- 
erties of the macroglobulin without additional dis- 
sociation of the macromolecule. 

Hitzig, however, has been able to demonstrate 
(24) a slow spontaneous dissociation of this mac- 
The 
addition of cysteamine to the serum and to the 


rocryogelglobulin of an aged serum sample. 


purified macrocryogelglobulin greatly accelerated 
this dissociative process. This finding is compara- 
ble with the results of Métais and Warter [cited 
by Hitzig and Isliker (25)] who found a slowly 
decreasing high molecular fraction from the serum 
of a patient with macroglobulinemia merely after 
dilution. Steel (23) also observed spontaneous 
dissociation of isolated macroglobulins at room 
temperature and at 37° C. We (26) 
countered decreasing serological activity as reflec- 


have en- 


tion of depolymerization of macromolecular cold 
agglutinins during a storage period of four months 
at — 20° C. 
accounts for the lower 7 rel. of aged macroglobu- 


Spontaneous dissociation probably 


lin serum, as seen in samples of aged macrocryo- 
gelglobulin serum. 

The profound decrease of relative viscosity fol- 
lowing incubation of the serum with cysteamine 


may thus reflect dissociation of the macroglobulin 
(8). 


formation and conversion of a strongly to a weakly 


Reduction of viscosity, abolishment of gel 


positive or negative Sia test following in vitro 
treatment of the macroglobulin serum with penicil- 
lamine and penicillin, as well as following adminis- 
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tration of these agents to the patient, were similar 
quantitatively and qualitatively. Both  penicilla- 
mine (26-28) in vivo, and cysteamine (8, 24, 25) 
in vitro are able to depolymerize macroglobulins 
The 
marked changes of viscosity, Sia test and gel for- 


as demonstrated by _ ultracentrifugation. 
mation in the macroglobulin are certainly com- 
patible with dissociation of the macroglobulin. 
The 
treated serum favor this suggestion. 


electrophoretic changes of penicillamine- 
The resem- 
blance of the reaction pattern of penicillin G upon 
the macroglobulin is suggestive of the same mecha- 
nism, The inactivity of penicillin in the agar gel 
diffusion test supports, however, the concept that 
a metabolite of penicillin (p-penicillamine?) may 
be responsible for the in vivo action. The conver- 
sion of penicillin into D-penicillamine appears to 
be dependent upon certain agents present in se- 
rum. The lack of activity of penicillin, incorpor- 
ated into agar-gel, could thus be explained. 
Regardless of the underlying mechanism, this 
biochemical approach to macroglobulinemias, par- 
ticularly those with cryo or cryogel characteristics, 
may be of clinical value. This is supported by the 
marked clinical improvement of the patient under 
study. Description of this observation will be re- 


ported elsewhere. 


SUMMARY 


The effects of penicillin G potassium, pL-penicil- 
lamine and cysteamine upon a macrocryogelglobu- 
lin were investigated. Changes of serum viscosity, 
thermosedimentation rates, gel formation, Sia test, 
total serum protein, paper electrophoretic charac- 
teristics and immunophoretic properties served as 
indicators. 

Administration of pi-penicillamine produced a 
marked sustained decrease of relative viscosity 
and an increase of sedimentation rate. pL-Penicil- 
lamine, added to macrocryogelglobulin serum 1n 
vitro resulted in marked decrease of relative vis- 
cosity, widening of macroglobulin fraction in elec- 
trophoretic pattern, and a negative Sia test and 
abolishment of gel formation. 

Penicillin G added to serum produced a marked 
decrease of relative viscosity, a negative Sia test 
and abolishment of gel formation. 

Penicillin G, 10 million U given intravenously, 


lowered the serum viscosity by 77 per cent within 


COLEMAN 


AND W. C. LEVIN 


one hour and increased the previously low sedi- 
mentation rates sharply. Rapid rebound of vis- 
cosity occurred. 

The coincident administration of Benemid with 
penicillin enhanced this effect and delayed re- 
bound of viscosity considerably. 

Addition of cysteamine to serum resulted in 
dosage-dependent decrease of relative viscosity. 

Agar diffusion studies revealed the simultaneous 
disappearance of the macroglobulin precipitin line 
and a quantitative increase in the y-globulin line 
with pL-penicillamine and cysteamine ; no changes 
were produced by penicillin G. 

It is suggested that the compounds studied were 
responsible for abolishment of cryogel properties 
and probably produced dissociation of the macro- 
men- 


globulin. Possible clinical implications are 


tioned. 
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INCREASE IN ALDOSTERONE SECRETION BY CAROTID ARTERY 
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Although it has been shown that the vagus 
nerves may carry impulses mediating decreases 
in the rate of aldosterone secretion (1), no equiva- 
lent pathway has been demonstrated which might 
mediate increases in aldosterone secretion. Be- 
cause of evidence that aldosterone secretion may 
be increased by some function of a decreased in- 
travascular volume (2), and the evidence cited 
above that this increase is not dependent upon the 
integrity of intrathoracic vagal receptors (1), the 


present experiments were designed to investigate 


the role of receptors located in the arterial system. 


METHODS 


Acute experiments were performed on mongrel dogs 


under pentobarbital anesthesia. The lumboadrenal veins 
were cannulated (3) and blood samples were collected 
intermittently for determination of aldosterone by Mills, 
Casper and Bartter’s modification (1) of the method of 


Neher and Wettstein (4) 


sensitivity of 0.1 wg of aldosterone. 


This method has an absolute 
Losses during ex- 
traction and chromatography were determined on every 
sample by adding C,,-cortisone to each specimen before 
extraction and counting the cortisone region on the final 
chromatogram after development of the soda fluorescence 
The 42+ 9 per (SD). 


The overall sensitivity, considering the amount of the 


mean recovery rate was cent 
sample taken for analysis and the recovery rate, was 0.5 
ug per hour. The final value was corrected for all losses 
by dividing each observed value by the rate of recovery 
of that 


producibility is that of measurement of the soda fluores- 


sample. Thus, the only variable altering re- 


The technique used was that described 
that, in 


cence on paper 
by Ayres, Simpson and Tait (5) who found 
measuring 0.5 wg of aldosterone diacetate, the standard 
error was 0.01 and the standard errors for measurement 
of 2, 4, and 8 ug were, respectively, 0.17, 0.43, and 0.73. 
In experiments in this laboratory, the standard error for 


measurement of 1 ug of cortisone was found to be 0.04. 


* Presented in part at the May, 1959 Meetings of the 


American Society for Clinical Investigation. (J. clin. 
Invest. 1959, 38, 986.) 
+ Present 


England 


address: St. Thomas’ Hospital, London, 


Mean and pulse pressures in brachial and lingual arteries 


and right atrium, and pressures in femoral vein and 


esophagus, were measured by means of indwelling can- 
Statham and recorded 


continuously on a Sanborn 8-channel recorder. Serial 


nulae and pressure transducers, 


hematocrit determinations were made. In all experi- 


bk M rd 
placed by transfusion 


ments loss was continuously measured, and re- 


Blood used for transfusion was 
obtained from dogs rendered hypervolemic by large sa- 
line infusions immediately before bleeding in order to 
prevent rise in aldosterone-stimulating substances. 
Twenty-seven studies were performed on 25 normal 
dogs, 4 on 3 dogs with carotid arteries stripped of their 
nerve supply from low in the neck to above the carotid 
sinuses, 8 on dogs with carotid sinuses denervated but the 
neck otherwise undisturbed, and 31 on 18 dogs after de- 
nervation of the thyrocarotid arterial junctions, with in 
tact carotid sinuses. These operations were performed 3 
days to 5 weeks prior to the acute experiments 
Aldosterone secretion was stimulated by supradiaphrag- 
(6) in 29 experi- 


inferior vena cava constriction 


ments In 22 


mati 


studies the stimulus was bilateral con 


striction of the common carotid arteries low in the neck, 


effected by means of chokers consisting of silk loops 


passed about the arteries and through double tubes sus 





THE ANATOMY OF THE CAROTID REGION IN THE 
C.S.N. 
cs carotid si- 


Fic. 1. 


DOG Occ. = occipital artery ; carotid sinus 


nerve; I.C.=internal carotid artery; 
nus; E.C.A. 


carotid artery; N 


= external carotid artery; C.C.A. = common 
nerve arising from thyrocarotid ar- 


terial junction; T.=thyrocarotid arterial junction. 
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ALDOSTERONE AND CAROTID CONSTRICTION AND DENERVATION 


NORMAL DOG CAROTID CONSTRICTION 
10° 9-58 


BRACHIAL 
ARTERIAL 


PRESSURE 





oO WD 60 90 
min 


Fic. 2. THE 
SURE AND ALDOSTERONE SECRETION TO BILATERAL COMMON 


RESPONSE OF BRACHIAL ARTERIAL PRES- 


CAROTID CONSTRICTION IN A NORMAL DOG, 
pended above the arteries. The position of a choker and 
relevant anatomy are shown diagrammatically in Fig- 
ure 1. 

In each experiment adrenal venous blood was collected 
to obtain a control value for aldosterone before applica- 
tion of the constriction. All collections were of 30 minute 
duration. The next collection was begun 30 minutes after 
constriction. In most experiments, the constriction was 
then removed, and a sample of blood collected after 1 
hour. Following this collection, the constriction was re- 
applied, and a further sample collected after 30 minutes. 
In the 90 minutes allowed following release of carotid 
constriction, aldosterone secretion seldom returned to 
control levels in normal or in sinus-denervated animals. 
Data from the second constriction are accordingly ex- 
IIT). All speci- 
mens from a given experiment were carried through the 
Each aldosterone 


cluded from this series (Tables I and 


chromatographic together. 
value obtained during constriction was referred to its own 
Each datum thus con- 
sisted of a pair of values obtained during control and 


systems 
previous control value for analysis. 
subsequent constriction. 


RESULTS 
Effect of carotid constriction in normal dogs. 
3ilateral constriction of the common carotid ar- 
teries in rormal dogs initiated the classical Hering 
reflex (7), the fall in intracarotid pressure giving 
rise to increased peripheral arterial pressure. In 
addition, aldosterone secretion was consistently 


elevated within 60 minutes of constriction. One 
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TABLE I 


Effect of bilateral common carotid artery constriction on 
aldosterone secretion, adrenal plasma flow and brachial 
arterial pressure in intact dogs* 


Control Carotid constriction 


Brachial 
arterial 
pressure 


Adrenal 
Aldo- plasma 
sterone flow 


Brachial Adrenal 
arterial Aldo plasma 
pressure sterone flow 


ml/hr mm Hg ml/h? mm Hg 
196 170/130 ‘B 160 195/155 
208 140/120 a 234 144/116 
94 176/152 A 90 216/184 
58 136/116 ; 56 160/132 
118 148/120 Js 144 166/138 
34 174/152 ‘ 24 182/150 
102 170/140 88 172/140 
130 154/122 88 162/142 
62 166/140 40 170/142 
76 168/135 64 177/144 
256 153/123 202 162/132 
80 153/129 42 168/148 
72 207/138 56 210/150 
64 96/84 86 108/90 


Ono 


eA nd 
osu 100 


* Each value obtained during constriction is shown with 
its own control, obtained before constriction was begun. 


such experiment is shown in Figure 2, and the 
data for all experiments of this type are shown in 
Table I and summarized in Figure 5. Carotid 
constriction thus produced increased aldosterone 
secretion associated with increased peripheral ar- 
terial pressure. 

Effects of carotid constriction in dogs with 
carotid arteries stripped. Constriction of the ca- 
rotid arteries in these four animals produced neither 
reflex hypertension nor increase in aldosterone 
secretion. One such experiment is shown in Fig- 


CAROTID STRIP CAROTID CONSTRICTION 
(Op 830-58) 
92-58 





mmHg 
BRACHIAL -200 al 


aseascaseses| 
rem aH 
ARTERIAL 100 


PRESSURE 0 


20; 
ALDO. 10 
yo/hr oO 


0 30 60 90 
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Fic. 3. THE RESPONSE OF BRACHIAL ARTERIAL PRES- 


SURE AND ALDOSTERONE SECRETION TO CAROTID CONSTRIC- 
TION IN A DOG WITH BOTH CAROTID ARTERIES STRIPPED OF 
NERVOUS CONNECTIONS FROM LOW IN THE NECK TO ABOVE 


THE CAROTID SINUSES, 
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TABLE II 


Effect of bilateral common carotid artery constriction on 
aldosterone secretion, adrenal plasma flow and 
brachial arterial pressure in dogs with both 
carotid arteries stripped of nervous 
connections from low in the neck 
to above the carotid sinuses* 


Control Carotid constriction 

Brachial 
arteria 
pressure 


Adrenal 
plasma 


flow 


Adrenal Brachial 
Aldo plasma arterial 


sterone flow pressure 


Aldo 


sterone 


mm He ml ‘he mm Hg 
216/168 166 
0( <0.5) 224 153/114 150 
1.6 124 156/138 68 
1.0t 42 180/159 . 38 


hy ml /ho 


ue 
16.9 174 


* See footnote, Table |. 

t Second constriction. 
ure 3, and the data for these experiments are 
shown in Table II. Stripping the carotid arteries 
thus abolished both of the responses to carotid 
constriction seen in the normal animals. 

E ff ec ts of carotid constriction in dogs with 
the 


carotid artery in these animals produced increase 


carotid sinuses denervated. Constriction of 


in aldosterone secretion in six out of eight dogs, 


despite abolition of the Hering reflex by carotid 


Thus, no elevation of periph- 


CAROTID no 


mmHg 
280 


180 [ee 
80: 


sinus denervation. ! 


CSN cut 
(Op. 8-26-58) 
9-25-58 


BRACHIAL 
ARTERIAL 
PRE SSURE 


Oo 30 60 90 
min 
ARTERIAL PRES- 


lic. 4 BRACHIAL 


AND 


Due 
ALDOSTERONE 


RESPONSE OF 


SURE SECRETION TO BILATERAL COMMON 


CAROTID CONSTRICTION IN A DOG WITH BOTH CAROTID SINUS 


NERVES CUT. There is a rise in aldosterone in the ab- 


sence of a reflex rise in brachial arterial pressure ( Her- 
ing reflex ) 

The remaining two were early experiments, in which 
the nerves from the thyrocarotid junctions may have been 


injured inadvertently 
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TABLE Ill 


Effect of bilateral common carotid artery constriction on 
aldosterone secretion, adrenal plasma flow and 
brachial arterial pressure, in dogs with both 
carotid sinuses denervated* 


Control Carotid constriction 

Brachial 
arterial 
pressure 


Adrenal 
plasma 
flow 


Brachial 
arterial 
pressure 


Adrenal 
plasma 


flow 


Aldo 


sterone 


Aldo 


sterone 


mm Hg 
210/189 
136/112 
206/164 
114 
140 
159 
152 
134 


ue/hr ml /hy 
32.8 83 
15.1 70 

200 


ml /hr mm Hg 
110 210/189 

80 134/110 
156 200/160 
300 150 208 141 
114 196 , 112 180 
80 201 >. 80 192 
194 200 9. 258 192 
114 150 : 96 160 


Was wee ws 
ne WAIT Osh * 
Anoooee sf 


* See footnote, Table I. 


eral pressure, heart rate (or, by inference, cardiac 
output), accompanied the increases in aldosterone 
secretion. One such experiment is illustrated in 
Figure 4, and the data for this group of experi- 
ments are shown in Table III and summarized 
and compared with those from intact animals in 


Figure 5. There is no significant difference in al- 


NORMAL "SINUS" 


—— CAROT|D— RRR 
Cea CONSTRIC TION 


B, = 7.597 1.42 Bp = 10.28% 4.23 


n =14 n:8 


p< 0.001 p< 0.05 


20 
15 


© 30 60 90 
. ” min 
NORMAL vs. SINUS 


4,-4 

¢ itt £ -06 
0, 

n= 22 

p> 0.5 


Fic. 5. THE RESPONSE OF ALDOSTERONE SECRETION TO 
BILATERAL COMMON CAROTID CONSTRICTION IN 
On the left, intact animals. On _ the 


Above 


pair of bars (mean values) is a statistical summary of 


TWO GROUPS 


OF EXPERIMENTS. 
right, animals previously sinus-denervated each 
the data. Below the bars, the two groups are compared 
by means of the ¢ test mean change in aldosterone 
number of pairs 


A highly 


significant rise in aldosterone secretion is associated with 


from before to during constriction; n 


of values (control and during constriction ) 
carotid constriction, and there is no significant difference 


between the normal and sinus-denervated groups 
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THE 
SURE AND ALDOSTERONE SECRETION TO BILATERAL COMMON 


Fic. 6. RESPONSE OF BRACHIAL ARTERIAL PRES- 


CAROTID CONSTRICTION IN A DOG WITH BOTH THYROCAROTID 


ARTERIAL JUNCTIONS PREVIOUSLY DENERVATED. There is 
no rise in aldosterone secretion but an intact Hering re- 


flex. 


dosterone secretion in response to carotid con- 


striction between sinus-denervated and _ intact 


animals. 
Effects of carotid constriction in dogs with thy- 
rocarotid junction denervation. Constriction of 


the carotid arteries in dogs in which both thyro- 


TABLE IV 


Effect of bilateral common carotid artery constriction on 
aldosterone secretion, adrenal plasma flow and 
brachial arterial pressure, in dogs with 
denervation of both thyrocarotid 
arterial junctions* 


Control Carotid constriction 


Brachial 
arterial 
pressure 


Adrenal 
Aldo plasma 
sterone flow 


Adrenal 
Aldo- plasma 
sterone flow 


Brachial 
arterial 
pressure 


ml /hr mm He 
40 168/141 
22 111/96 
72 175/141 

216/180 
156/132 
222/198 
156/114 
168/141 
186/164 
176/144 
148/108 
186/156 
177/144 
180/144 
195/168 


ml /hr mm He ue/hr 
40 141/114 
26 96/81 
130 153/129 
54 156/138 
90 141/108 
48 174/153 
248 150/96 
116 156/132 
98 164/144 
108 140/104 
54 140/116 
Ko Ne 76 159/129 
12. 78 162/122 
3.1t 42 156/124 
38.07 66 174/141 
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* See footnote, Table I. 
t Second constriction. 
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Fic. 7. THE RESPONSE OF ALDOSTERONE SECRETION TO 


CAROTID CONSTRICTION IN TWO GROUPS OF EXPERIMENTS, 


On the left, intact animals. On the right, animals with 
previous denervation of both thyrocarotid arterial junc- 
The fall 


in aldosterone is highly significant in the group on the 


tions. The data are arranged as in Figure 5. 


right, and the difference between the two groups is 


highly significant. 

carotid arterial junctions had been previously 
denervated produced no increase in aldosterone se- 
cretion despite the presence of intact Hering re- 
flexes. Indeed, in most of these experiments, al- 
dosterone secretion actually fell. One such ex- 
periment is shown in Figure 6, and the data for 


this group of experiments are shown in Table IV 


TABLE V 


Effect of supradiaphragmatic inferior vena cava 
constriction on aldosterone secretion* 


Dogs with both thyrocarotid 


Intact dogs arterial junctions denervated 


‘ontrol Constricted Control Constricted 
pe/hr 

8.0 10.0 

13.6 


6 


Rwwe 
Ui Gs Oo 
=f 


> 

-) 
+ 

- 


wn 


> 37 be wy ee 02 27 
D & 0of 30D 
DA INO 
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m DO STD SII 00 tO Ww ¢ 


= hue 
Pu ue 


* See footnote, Table I. 
t Second constriction. 
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Fic. 8. THE RESPONSE OF ALDOSTERONE SECRETION TO 
CONSTRICTION OF THE INFERIOR VENA CAVA IN TWO GROUPS 


On the 
right, animals with previous denervation of both thyro- 


OF EXPERIMENTS. On the left, intact animals. 


carotid arterial junctions. The data are arranged as in 
The 
highly significant. 


Figure 5. difference between the two groups is 


and summarized and compared with those from 
intact animals in Figure 7. Thus, thyrocarotid 
arterial junction denervation prevented the rise 
in aldosterone secretion following carotid con- 
striction without abolishing the rise in peripheral 
arterial pressure. 

Effects of caval constriction in normal dogs and 
in dogs with thyrocarotid arterial junction dener- 
vation, Constriction of the supradiaphragmatic 
inferior vena cava is a well documented stimulus 
to increase of aldosterone secretion (1, 6). The 
results of this procedure in 11 normal dogs are 
shown in Table V. In dogs in which the thyro- 
carotid arterial junctions had been previously 
denervated, an exactly comparable degree of caval 
constriction had no consistent effect on the se- 
cretion of aldosterone. The results of this pro- 
cedure in 16 experiments are shown in Table V. 
The data are summarized and compared in Fig- 
ure 8. 


DISCUSSION 


These data suggest a dual mechanism regulating 
the secretion of aldosterone, whereby stimuli medi- 
ating increases are conveyed to the central nerv- 
ous systera via the nerves originating at the thyro- 
carotid arterial junctions, while those mediating 
decreases are conveyed via the vagus nerves. It 





MILLS AND D. 5S 


GANN 


(1) that 


alone does not produce an increase in the rate of 


has been shown previously vagotomy 


aldosterone secretion. Carotid constriction, on the 
other hand, is evidently an adequate stimulus to 
increase of aldosterone secretion. This increase is 
independent of pressure changes in the peripheral 
arterial (extracarotid ) This is clearly 
demonstrated by the continued effectiveness of the 


system. 


stimulus after carotid sinus denervation as well as 
by the ineffectiveness of the stimulus, despite in- 
tact pressure response, in animals with thyroca- 
rotid arterial junction denervation.” 

It has previously been suggested that aldo- 
sterone secretion is regulated by some function of 
extracellular (8) or intravascular (2) fluid vol- 
ume. The present data suggest that the significant 
parameter is some function of intracarotid blood 
volume. The data presented here do not indicate 
what that 
drawn fram these and other experiments (9) sug- 


effective parameter is, but evidence 
gests that it is primarily a decrease in intracarotid 
pulse pressure which leads to the increase in 
aldosterone secretion. 

Farrell (10) has suggested that aldosterone se- 
cretion is regulated principally by means of intra- 
cranial receptors, primarily measuring sodium con- 
centration. Evidence from experiments in man, 
on the other hand, suggests that neither serum so- 
dium concentration nor total body sodium can con- 
trol aldosterone secretion, which can be made to 
The present 


data, in addition, provide a mechanism whereby 


vary independently of both (8). 


the central nervous system may receive afferent 
impulses from the periphery leading to increase 
or decrease in aldosterone secretion. Thus, it is 
no longer necessary to postulate the existence of 


central receptors. However, the existence of such 


_ receptors is not excluded by these experiments 


which, in particular, shed no light on the mecha- 
nism by which changes in body potassium may 
modify aldosterone secretion. 

If, as is suggested by these experiments, there 
is central integration of afferent impulses modify- 
ing aldosterone secretion, then it is possible that 
the central nervous system releases a hormone 


2 Table V includes four pairs of values (from two dogs) 
in which aldosterone secretion rose with constriction. It 
seems likely, in retrospect, that denervation was not com 
not excluded from 


plete in these animals. The data were 


analysis. 





ALDOSTERONE 


which regulates adrenal secretion of aldosterone 
and constitutes the efferent limb of 
as was previously suggested by Rauschkolb and 
Farrell (11). 
a hormone has been supplied by both Denton, 


this reflex, 
Evidence for the existence of such 


Goding and Wright (12) and Yankopoulos, Davis, 
Kliman and Peterson (13). [In the former ex- 
periments, however, aldosterone was not measured 
directly, but was estimated from changes in sali- 
vary Na: K ratios. 


evidence (14, 15) that adrenal isolation is not com- 


On the other hand, there is 


plete in the preparation of Hilton and co-workers 
(16) used in the latter experiments. Accordingly, 
blood pressure or pharmacological changes in the 
recipient animal could themselves be adequate 
He- 
modynamic changes and norepinephrine (17) have 


stimuli to increase in aldosterone secretion. 


both been shown to alter baroceptor activity, 
which, in turn, may modify aldosterone secretion 
(3). 
in maximal 
(18). 
of ACTH secretion may cause a rise in aldosterone 


Furthermore, cross circulation itself results 


secretion of Porter-Silber steroids 


Under this circumstance, further increase 


secretion without changing corticosterone secre- 
(19). 
corticosterone ratio is not in itself sufficient evi- 
dence of a_ stimulating than 
ACTH.] Although it seems likely that a neuro- 
hormone is active in the control of aldosterone 


tion Thus, increase in the aldosterone: 


substance other 


secretion, its existence has not as yet been ade- 
quately demonstrated. 

In these experiments, it has clearly been pos- 
sible to measure rises in aldosterone secretion. 
In the preparation used by Farrell and associates, 
this was not possible, as all experimental animals 
secreted at maximal rates (10, 20), presumably 
as a result of the blood loss which is an integral 
part of that method. 
were derived from other animals. 


Accordingly, control data 
In the present 
experiments, blood was replaced as it was lost, and 
each animal could serve as its own control. 

The apparent difference between the effects of 
carotid and caval constrictions in dogs with pre- 
vious thyrocarotid arterial junction denervation, 
in which the first group showed lowering of al- 
dosterone secretion (p < 0.001), while the second 
showed no change in aldosterone secretion, is not 
well explained. However, carotid constriction 
causes a reflex increase in right atrial pulse pres- 
sure (21), while atrial pressure is lowered with 
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caval constriction. It is possible that this increase 


in pressure activates the “decrease” mechanism 
mediated by the vagus nerves, thus accounting for 
the lowering of aldosterone with carotid constric- 


tion in the presence of thyrocarotid denervation. 


SUMMARY 


Constriction of the common carotid arteries low 


in the neck produces increased secretion of aldo- 


sterone. This effect is independent of changes in 
peripheral arterial pressure, but is abolished by 
bilateral denervation of the thyrocarotid arterial 
junctions. The rise in aldosterone normally seen 
with constriction of the inferior vena cava is also 
prevented by denervation of this region. It is sug- 
gested that aldosterone secretion is regulated by a 
dual mechanism, in which decreases in secretion 
are mediated by the vagus nerves, while increases 
in secretion are mediated primarily by receptors 
located at the thyrocarotid arterial junction. Al 
dosterone secretion may thus be increased by local 
decrease in intracarotid volume, independent of 
total extracellular or even intravascular volumes. 
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Oxalate is a normal constituent of human urine. 
Since oxalate is found in many foods it has fre- 
quently been assumed that urinary oxalate is 
How- 


ever, animal studies have shown that oxalate may 


largely, if not entirely, of dietary origin. 


arise endogenously, and glycine, glyoxylic acid, 
glycolic acid (3-5) and ascorbic acid (6, 7) have 
been shown to be precursors of urinary or tissue 
oxalate under various circumstances 

The origin of urinary oxalate has long been an 
important physiological problem because of the 
high incidence of calcium oxalate urolithiasis in 
many parts of the world. Recently, interest in the 
biosynthesis of oxalate in man has been greatly 
stimulated by recognition of the syndrome of pri- 
mary hyperoxaluria and oxalosis, a disorder in 
which excessive production of oxalate occurs and 
leads to deposition of calcium oxalate crystals in 
Ascor- 
bic acid has previously been shown to be a pre- 


renal parenchyma and extrarenal tissues. 


cursor of some urinary oxalate of normal man 
(6, 8). In this paper glycine is shown to be a 
major precursor of urinary oxalate of normal and 
hyperoxaluric subjects. In one subject with pri- 
mary hyperoxaluria, glycine incorporation into 
urinary oxalate was excessive, whereas in another 
subject with an inconstant hyperoxaluria, glycine 


incorporation was not abnormal. Measurements 


of the miscible pool of oxalate and of the rate of 


its turnover have been made by conventional iso- 

topic dilution techniques, and a gross expansion of 

the miscible pool of oxalate demonstrated in a 
hyperoxaluric subject. 

EXPERIMENTAL METHODS 

Materials. Glycine 1-C*, 

mmole, and oxalic acid 1,2-C™, specific activity 2.6 mc 


specific activity 2.2 mc per 


per mmole, both of radiopurity > 99 per cent, were pur 
3urbank, Calif 
Control subjects were hospitalized 
* Supported in part by a grant (A-1391) 
United States Public Health Service. 
ports of this work have appeared (1, 2). 


chased from Isotopes Specialties Co. 


Control subjects. 


from the 
Preliminary re- 


patients without known metabolic, gastrointestinal or 
genitourinary disease, in whom routine tests [urinalysis, 
blood urea (BUN), phenolsulfonphthalein 


(PSP) excretion] disclosed no evidence of renal disease. 


nitrogen 


They were permitted a regular hospital diet except that 
foods of high oxalate content [cocoa, chocolate, tea, rhu 
barb, beets and spinach (9)] were withheld for a few 
the study period. 

(COOH),-2H.O] 


in the control subjects. 


days before and during The basal ex- 


cretion of oxalate [as ranged from 
11.6 to 36.0 mg per day 

Hyperoxaluric subjects. ( 
who was first seen at Duke Hospital in 1950 at the age of 
10 and 


On ad- 


’.B. was a 30 year old male 


23. He had had recurrent urolithiasis since age 
had required pyelolithotomy at ages 18 and 19 

mission in 1950 nephrolithotomy and pyelolithotomy were 
again performed, urinary tract infection was present and 
the stones were found to contain calcium, oxalate, phos- 
phate and small amounts of carbonate. Subsequent to 
1950 he required litholapaxy on several occasions. He 
passed gravel almost daily, and had severe renal colic 
on numerous occasions each month. Repeated analyses 
of serum calcium, phosphorus and alkaline phosphatase 
were normal. Mild nitrogen 
(NPN) (maximum, 60 mg per 100 ml), serum uric acid 


(maximum, 6.2 mg per 100 ml) and cholesterol (268 mg 


elevations of nonprotein 


per 100 ml) were noted, and PSP excretion tests ranged 
from 41 to 45 per cent in 2 hours. Urine cultures re 
vealed organisms of the Klebsiella and Aerobacter groups, 
and he was treated with various agents without success 

In 1958 he was found to be excreting abnormal quan 
tities of oxalate, ranging from 103 to 143 mg per day 
He was therefore admitted for further study. General 
physical examination was normal except for well healed 
surgical scars. Blood pressure was 114/80. Urinalysis 
revealed pH 6.5, specific gravity 1.011, a trace of protein, 
and innumerable leukocytes in the sediment. NPN was 
48, serum uric acid 6.8, calcium 9.3, and phosphorus 3.5 
mg per 100 ml. X-ray revealed bilateral staghorn calculi 
but no evidence of nephrocalcinosis. He was placed on 
a diet calculated to contain 62 mg of oxalate daily dur- 
ing the study period 

A familial history of urolithiasis was obtained, and a 
sister was found also to have a slightly elevated urinary 
excretion of oxalate (65 mg per day). This sister has 
both parents 


The 


nonrenal 


passed stones composed of calcium oxalate 
and a paternal cousin have also passed stones 


parents and a brother of the patient died of 
disorders. 
N.M., a 48 year old female with a 25 


urolithiasis, 


year history of 


recurrent calcium oxalate was studied 4 
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months following left nephrectomy. The kidney was non- 
functioning and showed chronic pyelonephritis and hy- 
dronephrosis but no 


nephrocalcinosis or parenchymal 


oxalate deposits. One week after operation her urinary 
oxalate excretion was 117 mg per 24 hours; 4 months 
later when she was admitted for further studies it was 
initially 90 mg per 24 hours. She was placed on a stand- 
protein 30.4 g, 


calcium 112.5 mg, ascorbic acid 33 mg, pyridoxine 0.5 


ard diet calculated to contain each day: 
mg. By analysis it contained 129 mg of oxalic acid di- 
hydrate per day. After 6 days on this diet her urinary 
calcium excretion was 400 to 600 mg per day. Serum 
calcium was 9.1 mg per 100 ml, phosphorus 4.2 mg per 
100 ml and alkaline phosphatase 2.6 U per 100 ml. 
Studies to date have not established the cause of her 


hypercalcuria. Because of a decline in hyperoxaluria 


while on the experimental diet, she remained on a 30 g 
protein regimen following the study. Urinary oxalate 
excretion has remained below 40 mg per day on 3 differ 
ent examinations over a 5-month period. Her urine sedi- 
ment is now free from calcium oxalate crystals, which 
were formerly present in abundance in all specimens. 
Tracer studies. Glycine 1-C* was administered orally 
to subjects in the fasting state in 25 or 50 wc doses (11.4 


or 22.7 ug) in 100 ml of water. 


Oxalic acid 1,2-C™ was 
administered slowly intravenously in 1 we doses (0.05 mg) 
oth 


compounds were administered after an overnight fast. 


in 2 ml of sterile (Seitz-filtered) solution in water 


In two subjects oxalate and hippurate were isolated 


simultaneously, from successive 2-hour urine samples. 


[wo hours after ingestion of labeled glycine, and at 4- 
hour intervals for 3 additional doses, the subjects ingested 
3 g of sodium benzoate, so as to insure a large urinary 
output of hippuric acid. 

Urine collected in clean 


HCl. 


was collected in carbonate-free, 1 


specimens were glass jugs 


containing 5 ml of concentrated Respiratory CO, 
N sodium hydroxide 
and precipitated as barium carbonate. 

All counting was done in stainless steel planchets in a 
Robinson gas-flow counter (10). Calcium oxalate sam 
ples varied in mass from 4 to 36 mg and were corrected 
for self-absorption to a standard mass of 22 mg per 
planchet (1.54 sq cm). Barium carbonate samples were 


counted in infinite thickness. Hippuric acid samples 
weighed from 5 to 15 mg and were corrected for self-ab- 
sorption to a standard mass of 3.3 mg per planchet. Ap 
propriate conversion factors were employed for compari- 
son of counting values of glycine, oxalic acid, calcium 
oxalate and hippuric acid when required. 

Isolation of oxalate from urine Each urine sample 
was filtered through Whatman no. 42 paper in a Buchner 
funnel if any cloudiness or precipitate was grossly visible, 
and aliquots were taken for determination of oxalate by 
the method of Archer, Dormer, Scowen and Watts (11). 
Thirty mg of oxalic acid dihydrate was added to the 
remainder of each urine specimen as carrier and the vol- 
ume reduced to approximately 20 ml under reduced pres- 
sure at 30° C. The pH was adjusted to 5.5 with 8 N 
ammonium hydroxide, and 5 ml of 5 per cent CaCl. was 
then added. 


The samples were stored at 4° C overnight, 


centrifuged, and the supernatant solution discarded, 
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Calcium oxalate was then purified by a slight modifica 
3urch and King (12). The 
precipitate was washed 2 or 3 times with 4 ml of 0.35 


tion of the method of Burns, 


N NH,OH, to remove colored impurities, and dissolved 
in 6 ml of 1 N 


residue was discarded 


sulfuric acid; after centrifugation the 
The supernatant was placed in a 
glass microextractor! and extracted continuously with 
At the end of the 
extraction period 10 ml of distilled water was added to 
The 


aqueous phase was transferred to a 40 ml conical cen- 


100 ml of ether for at least 6 hours. 
the flask and the ether evaporated on a steam bath. 


trifuge tube and the pH was adjusted to 5.5 with 8 N 
ammonium hydroxide. Calcium oxalate was reprecipi- 
tated by addition of 5 ml of 5 per cent CaCl,. The sam- 
ple was stored overnight in the cold, centrifuged, and the 
supernatant discarded. The precipitate was dissolved in 
1 N HCI, treated with Darco, filtered, and recrystallized 
by adjustment of the pH to 5.5 and addition of 5 ml of 
5 per cent CaCl,. The last procedure was repeated sev- 
eral times. 

The samples were dried at 80° C in a vacuum oven, 
ground with a stout glass rod in acetone, and transferred 
by pipet to a tared stainless steel planchet for counting. 

Isolation of hippuric Urinary hip- 
puric acid was isolated according to Quick (13) and 


purified by treatment with Darco and by repeated re- 


acid from urine. 


crystallizations from hot water (14). The melting points 
of the isolated samples were identical with those of au- 
thentic hippuric acid 

Calculations. The standard isotopic dilution equation 
for calculating the miscible pool of oxalate is as follows 
(15): A=a (1,/I. 


cible pool, a is the quantity of labeled material added to 


1), where A is the size of the mis- 


the pool, I, is the specific activity of the injected material, 
and I, is the theoretical specific activity in the miscible 
pool at the moment of mixing. In the present study this 
equation was simplified, and the pool was calculated as 
(al,)"/Io. (al,)’ repre- 
sents the total minus the labeled 
oxalate which was excreted too rapidly to have mixed 
thoroughly The term 
“— 1” of the first equation may be ignored, since “a” 

very small (0.05 mg) compared with values of A (4 to 
and the slope, K, and their 
method of 


follows: A In this equation 


counts administered 


within the pool (see below). 


was 


8 mg). The intercept, I., 
standard deviations, were calculated by the 
least squares. The biological half-time, T;, was obtained 
from the expression (15) K = log 2/T;. The standard 
deviation of A was calculated as previously described 
(16). 


RESULTS 


Oxalate excretion 


The urinary excretion of oxalate in 18 normal 
subjects (37 samples) ona mixed diet ranged from 
6.3 to 44.8 mg, and averaged 22.1 mg per 24 hours, 
(COOB),*2ZH,O0}. 


No consistent diurnal variation was found in two 


[as oxalic acid dihydrate, 


1 Ace Glass Co., Inc., Vineland, N. J., Catalog no. 6820. 
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OXALATE IN CONTROL AND HYPEROXALURIC SUBJECTS 


INTO URINARY 
The 


data have been normalized to a standard dose of 25 uc of 


INCORPORATION OF GLYCINE 1-C™ 


C™, given orally as carrier-free glycine 1-C™. 


subjects in each of whom 12 consecutive 8-hour 
collections were obtained, nor was urinary oxalate 
excretion significantly correlated with urine vol- 
ume (R = 0.87, 0.68; p = 0.06, 0.20). 


Glycine incorporation 


Urinary oxalate became highly labeled within a 
few hours following oral administration of 25 pc 
of glycine 1-C'* in each of six control subjects 
(Figure 1). The initial (3-hour) specific activity 
values ranged from 49,000 to 450,000 cpm per 
mmole. This ninefold range was found in sub- 
jects having only a threefold range in urinary 
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Fic. 3. 


ALATE AND HIPPURATE IN TWO CONTROL SUBJECTS FOLLOW- 


COMPARISON OF ENRICHMENT OF URINARY OX- 


ING INGESTION OF 25 uC OF GLYCINE 1-C™. Sodium ben 
zoate, 3 g, was given orally at 2, 6, 10 and 14 hours to 


insure a large urinary output of hippurate. 


oxalate values; specific activity values were not 
inversely correlated with excretion values. En- 
richment values declined rapidly so that, by 24 to 
30 hours, the counting values of urinary oxalate 
approached background. 

The cumulative incorporation of C'* into urinary 
oxalate (Figure 2) ranged from 0.027 to 0.081 
per cent (mean, 0.051 per cent) of the adminis- 
tered dose of glycine 1-C™ in five control subjects. 

In two control subjects who received load doses 
of sodium benzoate beginning 2 hours after in- 
gestion of glycine (Figure 3), urinary oxalate 
was significantly more highly labeled than was uri- 
nary hippurate between 2 and 10 hours. Both 
substances exhibited typical die-away enrichment 
curves in both subjects. 

These studies establish that glycine serves as a 
precursor of at least some of the urinary oxalate in 
normal man, and suggest 7) that relatively little 
2?) that 
3) that 

Meas- 


urements of the miscible pr 101 of oxalate and of its 


dilution occurs between glycine and oxalate, 
the miscible pool of oxalate is small, and . 
the turnover of the oxalate pool is rapid. 


turnover were then attempted by standard isotopic 
dilution techniques. 


The miscible pool of oxalate and the rate of its 
turnover 


When 50 pg of oxalic acid 1,2-C'* was injected 


intravenously into control subjects, a portion rap- 
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idly appeared in urine. A_ semilogarithmic 


plot 


of specific activity of urinary oxalate against time 


showed that a linear decay was achieved after 4 
hours (Figures 4, 5). After about 18 hours the 
specific activity values were so low that their ac- 
curacy was doubtful, and their usefulness small in 
this study. 

By the time that mixing of the labeled oxalate 
within the oxalate pool was complete, presumably 
about 4 hours after its administration, a large frac- 
tion of the test dose of labeled oxalate had already 
been excreted. 
of the 


Since eventually 89 to 99 per cent 


administered tracer recovered 
changed in urine (see below ), nonrenal loss of oxa 


was un- 
late was not an appreciable factor, and a correction 
for the labeled oxalate which had failed to mix 
adequately could be applied on the basis of the 0 to 
4 hour urinary fraction. The regression of the 
linear portion of the specific activity-time curve 
was calculated by the method of least squares, 
omitting data of 0 to 2 and 2 to 4 hour points. In 
each case the zero intercept was a highly sig- 
0.01. The 


creted in excess of that anticipated from the ex- 


nificant value, p < oxalate-C'* ex- 


trapolated curve was then subtracted from the ad- 


ministered dose (al,;) and further calculations 


were made on the basis of the “corrected adminis- 


tered dose” (al,)’. The subtrahend averaged 


100,000 


8 
HOURS 
Fic. 4 
LOWING 
1,2-C™ to 


nent Subject 


SPECIFI ACTIVITY OF URINARY OXALATE FOL< 


INTRAVENOUS ADMINISTRATION OF OXALIC ACID 
4 CONTROL SUBJECT. 
G.R., Table I), 


method of least squares, indicated a miscible pool of 4.9 + 


The data of this experi- 
when analyzed by the 


0.7 mg, and a turnover rate of 1.4+0.3 mg per hour 
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100,000 


i2 16 20 
HOURS 


Fic. 5. SprcIFIC ACTIVITY OF URINARY OXALATE FOL- 


LOWING INTRAVENOUS ADMINISTRATION OF OXALIC ACID 


1,2-C™ To A HYPEROXALURK These data (Sub 
ject N. M., Table I) indicated a miscible pool of 39.1 
2.4 mg and a turnover rate of 4.6 + 


SUBJECT. 


0.3 mg per hour. 


about 60 per cent of (al,), and therefore the meas 
urements of oxalate and of specific activity in the 
initial samples are critical to this correction. 
Table I shows that the calculated miscible pool 
of oxalate (expressed as oxalic acid dihydrate ) 
ranged from 4.9+ 0.7 to 8.6 + 1.1 mg in three 
The biological half-time of the 


pool ranged from 2.2+0.3 to 28+ 0.3 


control subjects. 
hours. 
The calculated daily turnover of oxalate in these 
three control subjects ranged from 34.1 + 6.7 to 
63.8 + 11.3 mg per day. In each case the value 
of urinary oxalate on the day of the study fell 
within 2 SD of the calculated turnover. 


Physiological disposition of oxalate in man 


In three studies on control subjects and in two 
studies on N.M., a hyperoxaluric subject (see be 
low), from 89 to 99 per cent of the injected oxalate 
1,2-C' was recovered unchanged in urine in 36 
hours. 


Respiratory CO, was collected at frequent in 


tervals for 6 hours from two control subjects who 


“14 


had received 1 pe of oxalate-C™ intravenously and 


orally, respectively. In both cases all samples of 


CO,, counted as barium carbonate, were devoid 
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3.8 


mg/day 
48.0+5.0 
8.2+ 


34.1+46.7 
63.8+11.3 


109.7+6.7 


2 


2 
3 


(KA) 
2.0+0.3 
4640.3 

+0 


0. 


0.25+0.02 
0.29+0.04 
0.31 +0.04 
0.12+0.00 
0.16+0.02 


2 
J 
2 
3 
? 
5 


8+0 
2.4+0.3 
0 
0. 
0 


2.2+ 
6.0+ 
4.54 


? 


‘ 


8.0+0.5 
4.9+0. 
8.6+1.1 
39.1+42.4 
1.8+1.0 


(Io) 
cpm,;mg 
,769 +930 
L233 


» text. 


77 
€ 


se 


54,372+544 
288+3,8 


5 
52 


84,500 
80,464 
80,464 


? 


62 
+ Second study performed 13 days after first; 


* Mean +1 SD given throughout this table. 


Subject 


of enrichment by the counting method employed, 
which would have detected as little as 0.01 per 
cent of the administered dose in any single sample. 


Studies on patients with hyperoxaluria and recur- 
rent calcium oxalate urolithiasis 


Subject C. B. The male subject with probable 
primary hyperoxaluria was given an oral dose of 
25 pe glycine 1-C'*, and incorporation of C** into 
urinary oxalate was demonstrated. The specific 
activity values were comparable with those found 
in control subjects at equivalent points in time 
(Figure 1) ; however, a cumulative incorporation 
of 0.22 per cent of the administered dose was 
found (Figure 2), a value some fourfold greater 
than the mean cumulative incorporation value 
found in the control subjects. 

Subject N.M. During the first week on the 
special diet the urinary oxalate excretion of N.M.., 
the female hyperoxaluric subject, progressively 
declined, and after the seventh day it remained 
within the normal range. The factors involved 
in the disappearance of hyperoxaluria in this pa- 
tient are not understood and are the subject of 
continuing studies which will be reported else 
where. The studies with glycine 1-C' and oxalic 
acid, 1,2-C’ will be of interest to record here. 

Following oral administration of 25 pc of gly 
cine 1-C', her urinary oxalate was maximally la 
beled in the initial (0 to 2 hour) specimen. The 
specific activity values were similar to those found 
in E.L., who showed the lowest enrichment of the 
six control subjects (Figure 1). After 30 hours, 
urinary oxalate contained only trivial quantities 
of isotope. The cumulative incorporation of C™ 
into urinary oxalate was 0.047 per cent, a value 
close to the mean of those obtained in the con- 
trol subjects (Figure 2). 

The miscible pool and the rate of its turnover 
were determined twice on this patient. On the 
second day of the study her pool was 39.1 + 2.4 
mg and its turnover 109.7 + 6.7 mg per day (Fig 
ure 5). On this day her urinary oxalate excre 
tion was 80.6 mg per 24 hours. Subsequently, 
when her hyperoxaluria had disappeared, her mis 
cible pool was found to be 1.8 + 1.0 mg and its 
turnover 8.2 + 3.8 mg per day. Her urinary oxa 
late excretion on the day of this study (Day 14) 


was 12.3 mg per 24 hours. 
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DISCUSSION 


Dakin 


(17) suggested in 1922 that oxalate is a nones- 


Physiological disposition of oxalate. 
sential end product not further metabolized in 
mammalian tissue. Subsequent studies in animals 
(4, 18, 19) and the present studies in man have 
shown that labeled oxalate is not significantly con- 
verted to respiratory CO,, and that an intravenous 
tracer of labeled oxalate is almost quantitatively ex- 
creted in urine. 

Nocita 
Green (3), Weinhouse and Friedmann (4), and 


Biosynthesis of oxalate. Ratner, and 
Nakada and Weinhouse (5) have shown in animal 
studies in vivo and in vitro that glycine may be 
Gly- 


cine is converted to glyoxylic acid by glycine oxi- 


converted to oxalic acid, via glyoxylic acid. 


dase, and possibly as a by-product of transamina- 
tion with a-ketoglutaric acid, a reaction whose 
equilibrium, however, lies far toward glycine. 
Glyoxylic acid is converted to oxalic acid by en- 
zymes which are less well understood. One may 
be xanthine (aldehyde) oxidase (20); another, 
possibly a mutase, also exists (3). Glyoxylic 
acid is the only known direct precursor of oxalic 
acid in mammalian systems. Glycolic acid is 
readily converted to glyoxylic acid by a flavopro- 
tein, glycolic oxidase (21), and sparingly by lac- 
tic dehydrogenase and DPN (5). The pathway 
by which ascorbic acid (4, 16) contributes carbon 
atoms to oxalic acid is not known. In bacterial 
systems (22), oxalosuccinic acid, oxaloacetic acid 
and £-ketoadipic acid also serve as precursors of 
oxalic acid. 

In the control subjects, 0.03 to’0.08 per cent of 
The 
(mean 22 


glycine 1-C** was converted to oxalic acid. 
normal urinary excretion of oxalic acid 
mg) approximates 0.03 to 0.08 per cent of the 
turnover of the first metabolic glycine pool in man, 
estimated to be about 0.5 to 1 g per kg per day 
(23, 24), or 35 to 70 g per 70 kg man per day. 
Thus, glycine is at least a major precursor of uri- 
nary oxalate in normal persons, but the apparent 
correspondence of values given above should not 
be stressed unduly, for there is also evidence that 
an appreciable oxalate 


percentage of urinary 


comes from precursors other than glycine. Craw- 
hall, Scowen, de Mowbray and Watts (25) stud- 
ied a single control subject with glycine 1-C', 


and concluded that at least half of the urinary 
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oxalate was not derived from glycine in this sub- 
ject. 

In the present studies urinary oxalate was la- 
beled considerably in excess of urinary hippurate. 
When no sodium benzoate is administered, uri- 
nary hippurate and urinary free glycine are com- 
parably labeled within a few hours following 
The 
work of Gray and Neuberger (26) and of Arn- 


administration of glycine N' or Ct® (25). 
stein and Neuberger (27) suggests that large doses 
of benzoate stimulate synthesis de novo of new 
glycine, or mobilize glycine from pools not ordi- 
narily in rapid equilibrium with the pool from 
which hippurate derives its glycine. Benzoate 
loading probably explains why hippurate glycine 
was less highly labeled than oxalate in the pres- 
ent studies, whereas in the studies of Crawhall and 
associates (25) free glycine (and presumably hip- 
purate also) was more highly labeled than was 
oxalate. Finally, the studies reported herein of- 
fer additional evidence for the existence of mul- 
tiple metabolic pools of glycine in poor equilibrium 
one with another, as previously suggested by stud- 
ies of a number of other workers (14, 27, 28). 
The miscible pool of oxalate and its biological 
turnover. The isotopic dilution technique for de- 
termination of the pool and turnover of a sub- 
stance is based upon a number of assumptions and 
is subject to limitations which have been discussed 
in detail previously (29). In the present study 
the major limitations are two: 1) the relatively 
large fraction of the injected tracer which is rap- 
idly excreted in urine, and 2) the small quantity 
of oxalate present in 2-or 4-hour urine specimens. 
The first problem has been approached by elimi- 
nating from calculations the labeled oxalate which 
The 


second problem was minimized by employing the 


was excreted without mixing with the pool. 


average of replicate analyses. 
The values shown in Table I for the miscible 
pool, biological half-time and turnover of oxalate 
in the body are in reasonably close agreement in 
three control subjects. The turnover values are 
in satisfactory agreement with urinary excretion 
data, although the turnover values tended to be a 
little larger, both in controls and in the hyper- 
that 


some endogenous oxalate is excreted in the feces, 


oxaluric subject. Animal studies suggest 


but the urinary recovery of labeled oxalate of 94 


per cent suggests that nonrenal excretion of en- 
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dogenous oxalate is not a large fraction in normal 
subjects. Since only 90 per cent of oxalate C™ 
was recovered in N.M. when her oxalate pool was 
large, whereas 99 per cent was recovered when 
it was small, the possibility remains that a larger 
fractional nonrenal disposal of oxalate occurs in 
the presence of expanded body stores of oxalate. 

Hyperoxaluria, In C.B., the incorporation of 
glycine 1-C'* into urinary oxalate was 0.22 per 
cent, a value about fourfold greater than the mean 
control value. 
cretion was four- to fivefold greater than the mean 
Thus it appears that about the 


This patient’s urinary oxalate ex- 


normal value. 
same percentage of urinary oxalate was derived 
from glycine in C.B. as in controls. Crawhall, 
Scowen and Watts (28) reached a similar con- 
clusion in two hyperoxaluric subjects given gly- 
1-C**, 


with evidence in vitro that oxalate synthesis from 


cine These results, considered together 
glycine becomes appreciable only when the gly- 
oxylic acid pool is greatly expanded, suggest that 
a block in glyoxylic acid metabolism may exist in 
primary possibly of glyoxylic- 
glutamic transaminase (30) or of glyoxylic de- 
(31). Either block (Figure 6) 
could account for overproduction of oxalate from 


hyperoxaluria, 
hydrogenase 


more than one precursor of its obligatory inter- 
mediary, glyoxylic acid (32). 

In N.M. the incorporation study was performed 
at a time when the miscible pool and the daily ex- 
cretion of oxalate were declining and approaching 
normal values (Day 5). The metabolic process 
which had led to hyperoxaluria had inadvertently 
been corrected, and the possibility that oxalate had 
previously been overproduced from glycine is not 
excluded. What relationship, if any, the hyper- 
oxaluria demonstrated in this subject bears to 
that found in patients with primary hyperoxaluria 
and oxalosis is obscure at present. Secondary 


GLYCOLIC ACID 


GLYCINE == GLYOXYLIC ACID ——PPOXALIC ACID 


Hypothetical 
(eyes of Block | > 


CO, + FORMIC ACID 


Fic. 6. PossispLE SITES OF HYPOTHETICAL BLOCK IN 


PRIMARY HYPEROXALURIA, 
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hyperoxaluria is known to occur in man in sar- 
coid and hepatic cirrhosis (33) and in animals 
Addi- 


tional studies are required to elucidate the nature 


which are deficient in pyridoxine (34). 


of the metabolic or absorptive defect responsible 
for the inconstant hyperoxaluria in this subject. 


SUMMARY 


1. In five control subjects, from 0.027 to 0.081 
per cent of a tracer dose of glycine 1-C** appeared 
in urinary oxalate, apparently by a fairly direct 
biosynthetic route. The sequence, glycine——> 
glyoxylate—— oxalate, is known in animals. 

2. The miscible pool of oxalate ranged from 4.9 
to 8.6 mg in three control subjects; its turnover 
ranged from 34 to 63 mg per day. The latter val- 
ues agreed satisfactorily with excretion values. 
Labeled oxalate was not catabolized to CO,, and 
was recovered almost quantitatively (89 to 99 per 
cent) in urine, 

3. In one hyperoxaluric subject, 0.22 per cent of 
a glycine 1-C'* tracer appeared in urinary oxalate, 
a value four times the mean control value. In a 
second patient, the miscible pool of oxalate de- 
clined from 39.1 to 1.8 mg and its turnover from 
109.7 to 8.2 mg per day during the study period. 
The nature of the metabolic defect in this patient, 
who incorporated glycine into oxalate normally, is 
obscure. 

REFERENCES 
The biosyn- 
Clin 


1. Wyngaarden, J. B., and Verner, J. V. 


* in man. 


thesis of oxalate from glycine 1-( 
Res. 1958, 6, 267. 
Elder, T. D., and Wyngaarden, J. B. 
and turnover of oxalic acid in normal and hyper 
Invest. 1959, 


The synthesis 


oxaluric subjects (abstract). J. clin 
38, 1001 
Ratner, S., Nocita, V., and Green, D. E. 
J. biol. Chem. 1944, 152, 119. 
Metabolism of 


biol. 


Glycine 
oxidase. 
Friedmann, B. 
intact rat. J. 


. Weinhouse, S., and 
labeled 2-carbon acids in the 
Chem. 1951, 191, 707. 

Nakada, H. I., and Weinhouse, S. 
cine oxidation in rat tissues. Arch. Biochem 
42, 257. 


Hellman, L., and 


Studies of gly- 
1953, 


3urns, J. J. Metabolism of L-as- 
Fed. Proc. 1955, 14, 225. 
7. Burns, J. J 3iosynthesis of L-ascorbic acid; basic 
defect in scurvy. Amer. J. Med. 1959, 26, 740. 
8. Lamden, M. P., and Chrystowski, G. A. 
oxalate excretion by man following ascorbic acid 


3iol. (N. Y.) 1954, 85, 


corbic-1-C™ acid in man. 


Urinary 


ingestion. Proc. Soc. exp. 


190, 





1344 T 


9. Andrews, J. C., 


The oxalic acid 
1951, 


and Viser, E. T. 
content of some foods. Food Res. 
16, 306. 
Robinson, C. \ 

counter for counting C™. 

Archer, H. E., Dormer, A. E. 
Watts, R. W. E. 
of exalate by normal subjects. 
405 

Burns, J. J., Burch, H. King, C. G. The 
metabolism of 1-C’-L-ascorbic acid in guinea pigs 
J. biol. Chem. 1951, 191, 501. 

Quick, A. J. Clinical application of hippuric acid 
and prothrombin tests. Amer. J. clin. Path. 1940, 
10, 222 

Benedict, J. D., Kalinsky, H. J., Scarrone, L. A., 
Wertheim, A. R., Stetten, DeW., Jr. The 
origin of urinary creatine in progressive muscular 

clin. Invest. 1955, 34, 141. 
Equations for tracer experiments. 

1949, 28, 1297. 


Wyngaarden, J. B., Stetten, 
biol. 


common 


Windowless, flow type proportional 
Science 1950, 112, 198. 
, Scowen, E. F., and 
Studies on the urinary excretion 
Clin. Sci. 1957, 16, 


B., and 


and 


dystrophy. J. 
Solomon, A. K 
J. clin. Invest 
DeW., Jr. Uri- 
1953, 203, 


and 
colysis in normal man. J Chem. 
y 


Dakin, H. D 


3ody, 2nd ed 


Oxidations and Reductions in the Ani- 


mal London, Longmans, Green, 
1922 
The metabolism of 


the rat. 


and King, C. G 
1-C™ and oxalic acid-C™ in 
1955, 216, 539. 

3odur, H., 


Oxalsaure. | 


Curtin, C. O., 
ascorbic acid 
J. biol. Chem 

Brubacher, G., Just, M., 
Zur 
Halbwertszeit im 

Aspergillus niger. 

1956, 304, 173. 
The specificity of 
1938, 32, 494 

Kun, E., Dechary, J. M., and Pitot, H. C. 
dation of glycolic acid by a liver enzyme. J. 


1954, 210, 269. 


and Bernhard, K. 
Schicksal und 
Organismus der Ratte; Abbau 
Hoppe-Seylers Z. phys- 


Biochemie der 
durch 
iol. Chem 

Booth, V. H 
Biochem LE 


xanthine oxidase 
The oxi 
biol. 


Chem 


DAVID ELDER AND JAMES B 


7? 


23. 


. Crawhall, J. C., 


, Gray, C. 


. Arnstein, H. R. V., 


. Crawhall, J. ¢ 


. Cammarata, P. S., 


W YNGAARDEN 


Jakoby, W. B., and Bhat, J. V. Microbial metabol- 
3act. Rev. 1958, 22, 75. 
Watts, R. W. E. The 


3i0chem. J 


ism of oxalic acid. 

a om 
glycine metabolic pool in man. 
69, 22P. 

Watts, R. W. E., 


cine metabolic pool in man. 


free 
1958, 


Crawhall, and 


The first gly- 
1959, 73, 


and Crawhall, J. C. 
Siochem. J. 
277. 

Scowen, E. F., de Mowbray, R. R., 
Watts, R. W. E. 
oxalate in a normal subject 
H., and Neuberger, A. 
porphyria. I. Incorporation of ™N 


Conversion of glycine to 
1959, 2, 810. 


Studies in 


and 
Lancet 
con- 
genital into 
coproporphyrin, uroporphyrin, and hippuric acid. 
1950, 47, 81. 

Neuberger, A. 


Biochem. J 


3iochem. J. 
Hippuric 
1951, 50, 


and 
acid synthesis in the rat. 
154. 

F., and Watts, R. W. E. 
Conversion of glycine to oxalate in primary hyper- 
Lancet 1959, 2, 806 


and Wyngaarden, J 


*., Scowen, E. 


oxaluria. 
Peterson, R. E., B. The mis- 
cible pool and turnover rate of hydrocortisone in 
Invest. 1956, 35, 55 
and Cohen, P. P. 
the transamination reaction in 
J. biol. Chem. 1950, 187, 439. 
Nakada, H. L., Sund, L. P. Glyoxylic acid 
oxidation by rat liver. J. biol. Chem. 1958, 233, 8. 
and Elder, T. D. Primary hy 
peroxaluria and oxalosis im Metabolic 
Inherited Disease, J. B. Stanbury, J. B. 
gaarden and D. S. Frederickson, Eds. New 
McGraw-Hill. In press. 
Forbes, A. P., 


man. J. clin. 
The 


animal 


scope ot 


tissues. 
and 


Wyngaarden, J. B., 

Basis of 

Wyn- 

York, 

Dempsey, E. F Melick, R. A., and 
Henneman, P. H 
Metabolism 1960, 9, 5 

Gershoff, S. N., Faragalla, F. F 
Andrews, S. 
nephrocalcinosis in the cat. 
a7, 72. 


Urinary oxalate excretion 
> 


, Nelson, D. A., 
B. Vitamin B, deficiency and oxalate 


Amer. J. Med. 1959, 


and 





new 
evidence... 
continued clinical 
experience indicates 
it as a valuable 
cytotoxic agent 


(po 


as, 


Cyclophosphamide, Mead Johnson 


FOR PALLIATIVE CHEMOTHERAPY OF CERTAIN TYPES OF MALIGNANT NEOPLASMS 
Report from a recent comparative clinical evaluation of two alkylating agents: “With the use of cyclophosphamide 
[Cytoxan], there is a relative lack of thrombocytopenia and a diminution in gastrointestinal side-effects, so that it 
may offer therapeutic advantages over other alkylating agents.’* 

Other Advantages in Clinical Practice: Broad spectrum of application - High therapeutic index + No vesicant 
activity—may be given orally or parenterally. 

For a copy of the Cytoxan brochure, or other additional information on Cytoxan, communicate directly with the 
Medical Department (Section D), Mead Johnson & Company, Evansville 21, Indiana. 


Papac, R.; Petrakis, N. L.; Amini, E, and Wood, D. A.: J.A.M.A. 172:1387-1391 (March 26) 1960. 


Mead Johnson 


Symbol of service in medicine 











REVUE FRANCAISE D’ETUDES 
CLINIQUES ET BIOLOGIQUES 


June, 1960 
Vol. V, No. 6 


Editorials 
Les Entérovirus de l’Homme. J. Maurin. 
La Properdine et la Résistance Naturelle. A. EYQuEM. 


Original Articies 
L’Hormone Inhibitrice de la Cholécystokinine, Son Réle en Pathologie Biliaire et Pancréatique. J. 
CaroLt, J. PLEssIER et B. PLEssSIER. 
Diabéte Salin par Insensibilité Congénitale du Tubule a l’Aldosterone: Pseudo-hypo-adrenocorticisme. 
M. Leone, D. ALAGILLe, A. Puitipre, C. GENTIL et J.-C. Gabilan. 
Relations Entre Glandes Endocrines et Sécrétion Biliaire. Action de l’Hypophysectomie Chez le Rat 
Blanc. Cu. Desray, J.-P. Harpoutn, J. bE La Tour et C. P. Roze. 
“Ulcére” Expérimental de Contrainte du Rat Blanc. III. Mise en Evidence et Analyse du Réle de 
Certains Facteurs Psychologiques. S. Bonrits, G. LirrooGHE, X. GELLE, M. DusBrasquet et A. 
LAMBLING. 
Action Respiratoire de l’Acétazolamide. Etude Chez l’Homme a Poumons Sains ou Emphysémateux 
Maintenu sous Ventilation Constante. J.-J. PocipaLo, F. Corckertt, J.-L. Amrev, J. Lissac, P. Frnetti 
et M.-C. BLayo: 


Original Notes 
La “‘C. Reactive Protein” dans la Syphilis. G. L. DaGvueEr. 
Uricémie et Excrétion Urinaire de l’Acide Urique au Cours des Leucoses Aigués. KR. ArDAILLOU, R. 


SiaMA, G. RICHET et JEAN BERNARD. 

Hypervitaminémie a Provoquée par voie Orale et Métabolisme des Chylomicrons. I. Le Transport 

Sanguin de la Vitamine a Absorbée. J.-L. BEAUMONT et V. BEAUMONT. 

Hypervitaminémie a Provoquée par voie Orale et Métabolisme des Chylomicrons. II. Le Passage de la 

Vitamine a Ingérée dans un Chylothorax. J.-L. Beaumont et V. BEAUMONT. 

Artériolite Expérimentale et Désordre Electrolytique Chez le Rat. Action du Coenzyme. A. C. Brio, 
M. S. Mouxatar et J. BAILLET. 

Identité du Facteur Gmx et de la Propriété Inhibitrice Ing(+). C. Ropartz, L. Rivar et J. LENorR. 

Un cas d’Exclusion de Paternité par le Facteur Sérique Gmx. C. Ropartz. 

L’Action Antimitotique des Stéroides Cortico-Surrénaliens sur le Pancréas en Culture Organo-Typique. 

J. Faurrez, L. VAKAET et N. VAN STRIJTHEM. 

Etude de la Tolérance Glucidique Chez |’Enfant. Présentation des Résultats Observés Entre Six et 

Quinze Mois. H. Loes et V. Conarp. 

Nouvelle Technique de Mesure du Temps de Circulation a la Fluorescéine. Valeurs Normales et Varia- 

tions Physiologiques. Exploration de la Circulation Péripherique des Membres Supérieurs par Mesure 

eR des Temps Fluorescéine Dehydrocholare de Sodium Dycholium. J. Demos, C. BoHUON et 

J. MAROTTEAU. 

Analyse du Precipité Formé au Cours du Dosage Turbidimétrique des Gamma-Globulines Sériques en 

Presence d’Héparine et de Chlorure de Cobalt. M. BursTern et J.-M. Fine. 

Données Nouvelles Concernant la Maladie de Willebrand (Angio-Hémophilie). P. Corun, M.-J. 

LARRIEU, J. CAEN et JEAN BERNARD. 


General Review 
Physiopathologie de l’Hémoglobinurie Nocturne Paroxystique. J. COLOMBANI. 


Technical Note 
La poche jugale du hamster doré pour l’étude de la circulation sanguine. J.DeLARUE, J. MIGNor et 
CL. SIMARD. 


Subscription rate, $19.00 


Special rate for interns and residents, $13.00 


EDITIONS MEDICALES FLAMMARION, 22, rue de Vaugirard, PARIS 6éme. France. 











Bp Op Ot OAM vO = B® Oe Os be a 








Do you have your free copy of the Baird-Atomic Radioisotope Data Chart? If not, write today to Department CI 





BAIR D-ATOMI/C,/NC. 
> | JS university road + cambridge 38, mass. 

















Fully Automatic, Transistorized 


AUTO-GAMMA Spectrometer 


for counting samples of: 


on \ 

© IODINE! 5 
re 7 
~ 


- ae 


; RADIUM . 
‘, DAUGHTERS _’ 


-— 


~ 
se We 


(CHROMIUM: 


=- 


« - 
. 
1 \ 
/ 
7 
- 
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automatically 


repeats individual samples 
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symmetrical geometry pro- 
vides constant background 
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The Auto-Gamma Spectrometer System counts and re- 
cords data from as many as 100 test tube samples. Oper- 
ation can be maintained on an around-the-clock basis. 

The energy spectrum of an isotope can be plotted with 
the Auto-Gamma Spectrometer by means of the precise 
Narrow Window setting. Ordinarily, the photopeak is 
then counted within the Wide Window of the pulse height 
analyzer to minimize background. This use of the spectrom- 
eter optimizes the count-to-background ratio and permits 
shorter counting periods or lower tracer levels. 

Obviously, automatic sample counting is desirable 
when large numbers of samples are to be counted. It is 
just as useful, however, for counting small numbers of 
low activity samples. Blanks and standards can be ar- 
ranged among the samples for background checks and 
calibration. The complete series of tubes can then be 
counted automatically as many times as required to give 
desired statistical accuracy. 

The detector and spectrometer components of the 
system are available separately for manual operation. 


For complete information write for Bulletin 400. 
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